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LINKAGE RELATIONS OF THE GOLDFOIL FACTOR FOR 
RESISTANCE TO MILDEW IN BARLEY ‘ 

By Fred N. Briggs, associate, agronomist, and Ernest H. Stanford, junior 
agronomist, California Agricultural Experiment Station 

INTRODUCTION 

Seven different genetic factors for resistance to race 3 of mildew 
(Erysiphe graminis hordei) in barley {Hordeum vulgare) have been dis- 
covered in the writers’ work with this disease (7).^ Six of these factors 
have either occurred singly in varieties or have been set up in hybrid 
lines. Two, the Algerian factor Mia and the Kwan factor are 
linked (^). The others appear to be independent. Since all seven 
* lakage groups have been established in barley {6), the linkage groups 
ip which these seven mildew-resistant factors belong may be ascer- 
d^ained. Linkage relations of the Goldfoil factor are now available. 

Incidental to this study, data were accumulated on a factor pair for 
red vs. green stem color that has not heretofore been reported. Link- 
age relationships were established for this factor also. 

MATERIALS AND METHODS 

Briggs and Barry {!) reported that the resistance of Goldfoil was 
due to a single dominant factor, MZg, and pointed out that this factor 
yas independent of six-row vs. two-row and long vs. short-»ired 
rachilla, characters available in the cross between Goldfoil and Allas, 
and known to belong to linkage groups I and V, respectively. Since 
these findings wei’e reported Goldfoil has been crossed with susceptible 
varieties carrying m.arkers for four of the remaining groups. The 
cross with Nepal 595 was investigated first because it was segregating 
for two factor pairs each in groups III and IV. Group 3 was marked 
by hulled vs. naked, Nn, and by one of a complementary factor pair 
for blue vs. white aleurone, Blibk, recently reported by Myler and 
Stanford (4). Group IV was marked by hooded vs. awned, Kk, and 
by the other complementary factor pair for blue vs, white, W. 

Goldfoil is resistant to mildew, is hulled, awned, and white, but 
carries the Bl factor for blue aleurone. Under favorable light condi- 
tions it develops red pigm.ent in the stems. Nepal 595 is susceptible 
to mildew, is naked, hooded, and white, but has the Bh factor for blue. 
In contrast to Goldfoil it has green stems. 

As in previous experiments, the m.ildew tests were made in the green- 
house with race 3 of the fungus. Mildew classifications were based 
on the reaction of progeny, which were grown in greenhouse benches 
and which in most cases were represented by 25 to 30 plants. Every 
tenth row was seeded to Atlas as a check. The plants were inoculated 
in the three-leaf stage by dusting with spores from diseased plants 
grown for that purpose. The Fs rows were classified as resistant, 

1 Reeeived for publication March 27, 1942. 

2 Italic numbers in parentheses refer to Literature Cited, p. 5. 
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segregating, dr susceptible. Since this factor for mildew resistant is 
dominant, a segregating row indicated a resistant F2 plant and is so 
considered in the calculations. 

When light intensity was sufficient to cause the red stein color to 
develop, the F3 rows were also classified for this character. Homoz}^- 
gous red and segregating rows were listed as red. 

The cross-over values and their probable errors were all taken from 
Immer’s tables {S), 

EXPERIMENTAL RESULTS 

A total of 795 F2 plants of GoldfoilX Nepal 595 were grown in the 
field in 1939-40 and classified at harvest time for hooded vs. awiHHl, 
hulled vs. naked, and blue vs. white aleurone. Of these, 770 W(‘re 
tested for mildew reaction in F3 in the greenhouse during 1940 and 
1941, while 25 lines were discarded either because of insuilicic^nt sei^d 
or because the population was too much reduced by damping-off. It 
soon became apparent that the Goldfoil factor for mildew resistance 
was linked with hooded vs. awned and consequently with the blue vs. 
white factor pair belonging to group IV. Eesistance, accordingly, was 
independent of the factors represented by group III. Only the data 
involving factors in group IV will be presented in connection with 
mildew resistance. 

The single contrasting characters all conform to expectations on the 
basis of factors previously assigned to them. There were 562 hooded: 
208 awned, where 577.5:192.5 were expected on the basis of a single 
factor (6), This gives a P value greater than 0.2. As pointed out 
above, Myler and Stanford (4) found the blue aleurone color to be due 
to complementary factors. There were 412 blue:358 white, wdxere 
433.1:336.8 were expected on the basis of the 9:7 ratio, giving a P 
value between 0.1 and 0.2. Finally, there were 588 mildew resistant: 
183 mildew susceptible, where 57^25:192.75 w-ere expected on tire 
basis of a single factor, which gives a P value greater than 0.3. 

Table 1 shows the data involving hooded vs. awned and resistance 
vs. susceptibility. 


Table 1, — The segregation of the characters listed from a cross of Goldfoil 

{kk MlgMlg)X Nepal 595 {KK mlgmlg) with expected niimhers based on wrfe- 
pendence and on a cross-over valve of 18,77 percent 


Characters 

Observed 

number 

Expected 
number on 
the basis of 
a9;3:3:l 
ratio 

X- on the 
basis of a 
9:3:3:1 ratio 

Expected 
number on 
the basis of a 
cross-over of 
18.77 percent 

X‘ on the 
basis of a 
cross-over of 
18,77 percent 

Hooded resistant 

387 

433. 1 

4.907 

391.8 

i 0.0.59 

Hooded susceptible 

175 

144.4 i 

6.4S4 

185.7 

^ ' .616 

Awned resistant- - _ 

201 

144. 4 ! 

22.185 

185.7 

1.261 

Awned susceptible 

7 

48.1 

35. 119 

6.8 

.006 

Total., 

770 

770. 0 

68.696 

770.0 

1. 942 

P value 



Very low 


>0.3 






In table 1 the observed numbers for the character combinations 
deviate significantly from the numbers expected on the basis of the 
9:3:3:1 ratio. A cross-over value of 18.77 ±2.33 percent was indi- 
cated by the data. The numbers expected on the basis of this value 
agree satisfactorily with those obtained, giving a P>0.3. 
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Table 2 shows the data regarding blue ys. white aleurone and 
imistance Ys. siisceptibility to mildew. 


Table 2. — The F2 segregation of the characters listed from a cross of Goldf oil 
(Bl\Bli hlbl MlgAllg) 'X Nepal SOS (blibli Bl Bl mLmlf) with expected numbers based 
on independence and on 26 , SI percent, crossing over 


Characters 

Observed 

number 

Expected 
number on 
the basis of 
a 27:9:21:7 
ratio 

X® on the 
basis of a 
27:9:21:7 
ratio 

Expected 
number on 
the. basis of a 
cross-over of 
26.31 percent 

X- on the 
basis of a 
cross-over of 
26.31 percent 

Blue resist, a, ut. 

289 

324. 8 

3. 946 

298.7 

0.315 

Blue susceptible 

123 

108. 3 

1. 995 

134.4 

.967 

White resistant - 

.299 

" . 252.7 

t 8.483 

278.8 

1. 464 

White susceptible .. 

59 

1 84.2 

7.542 

58. 1 

. 014 

Total 

770 

770.0 

21.966 ^ 

770.0 

,2.757 

/^valuo 



Small 


>.2 


Robertson et al. {5) have shown that the Bl factor for blue aleurone 
is linked with hooded with, a cross-over value of 22,58 ±0.82. Since 
Myler and Stanford (4) have shown that this gen.e is present in 
Goldfoil, it follows that mildew resistance should show linkage with 
blue aleurone. Obviously the data in table 2 do not conform to inde- 
pendent segregation. The numbers observed agree satisfactorily, 
however, with, those expected on the basis of 26.31 ±5.05 percent, 
recombination. 

The data cleaiiy show that the Goldfoil factor pair for resistance vs. 
susceptibility to mildew is linked with the hooded vs. awned and the 
blue vs. white aleurone factor pairs, known to belong to group IV. 
The data are not sufficient to establish the order of these three gene 
pairs. The linkages reported in this paper have high probable errors 
because the genes entered the hybrid in the repulsion phase. The 
most probable cross-over values, with the maximum and minimum 
that might be expected based on ± 3 probable error, wnth the suggested 
order, follows: 


BU 


'20. 12i 
22 . 581 

25. 0± 



11. 78' 

18 . 77 

25.76 



11. 16 

26.31 

41. 46 

As will be seen, the most probable value of the cross-over percentages 
for Bl—K ^i\A K—Mlg together equals 41.35, which is just within the 
maximum range expected for Bl — NUg. In no other case will the sum 
of any two most probable values fall within the expected range of the 
third. The most likely order therefore seems to be Bl, K, Mlg. 

Incidental to the mildew studies, data were accumulated on red vs. 
green stem color, the genetics of which has not previously been re- 
ported. Goldfoil shows considerable red pigment in the stems when 
grown under favorable light conditions, whereas Nepal 595 produces 
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no red. Of the 607 plants classified for stem color, 442 « were either 
homozygous red or segregating, while 165 were green. The numbers 
expected on the basis of the 3:1 ratio are 455.25:151.76, giving a 
probability' greater than 0.2. Red stem will hereafter be designated 
by the symbol Rs. 

Hulled vs. naked segregated on the basis of 3:1, which is in agrefe- 
ment Avith the results of numerous other workers {6). There were 
448 hulled: 159 naked, where 455.25:151.75 were expected, giving a 
P>0.3. As pointed out above, blue vs. white aleurone segregated in 
this cross on the basis of complementary factors. The segregation of 
the 607 plants under consideration here agreed satisfactorily with that 
hypothesis, having a P value greater than 0.2. 

It soon became apparent that red vs. greeir stem color was asso- 
ciated with hulled vs. naked. Table 3 gives the data involving these 
characters. 


Table 3. — The segregation of the characters listed from a cross of Goidfoil 
{NN RsRs)X Nepal 595 {nn rsrs), with expected nurnhers based on independent 
segregation and on a cross-over value of 14.5 percent 


Characters 

■ 

Observed 

number 

Expected 
number on 
the basis of 
a9:3:3:l 
ratio 

i 

X“’on the 
basis of a 
9:3:3: 1 ratio 

Expected 
number based 
on a cross- 
over of 14.50 
percent 

based on 
a cross-over 
of 14.50 per- 
cent 

Hulled red- 

403 

341.6 

11.075 

1 414.4 

0. 314 

Hulled green--. j 

45 ! 

113.8 

41. 694 

40.8 

. 432 

Naked red 

39 

113. 8 

49. 166 

40.8 

.079 

Naked white 

120 

37.9 

177. 847 

111.0 

.730 

Total... - 

1 607 

607. 0 

279. 682 

607.0 

1. 555 

P value - 

I 


Very small 


>0. 3 


1 




Obviously the observed numbers do not conform to those expected on 
the basis of independent segregation, but agree satisfactorily with those 
expected on the basis of 14.50 ± 1.06 percent crossing over. Thus the 
factor for red stem color belongs to linkage group III. 

As Myler and Stanford (4) have shown, the complementary factor 
for blue aleurone (Bli) discovered by them belongs to group III and 
showed a cross-over percent of 9.88 ±0.44, with naked. This gene is 
carried by Goidfoil. Red stem, color should be linked, accordingly, 
with blue aleurone. That this is so may be seen from table 4. 


Table 4.— The F^ segregation of the characters listed from a cross of Goidfoil 
RsRs hlbl) X Nepal 595 {hlibli rsrs BlBl ) , with expected nurnhers based on 
independent segregation and on a cross-over of 9.07 percent 


Characters 

Observed 

number 

Expected 
number on 
the basis of 
a 27:21:9:7 
ratio 

X- on the 
basis of a 
27:21:9:7 
ratio 

Expected 
number based 
on a cross- 
over of 9.07 
percent 

X- based on 
a cross-over 
of 9.07 per- 
cent 

Red blue 

305 

256.0 

9. 379 

321.7 

0.867 

Red white--- - 

137 

199.2 

19.422 

133,5 

.092 

Green blue..-..- 

20 

85.4 

50.084 

19. 7 

.005 

Green white. 

145 

66.4 

93.042 

132, 1 

1.260 

, Total--.-—----, : 

607 

607.0 

171. 927 

607.0 

2. 224 

P value 



Very small 


>0.3 

- — — ./ 
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The expected numbers based on independent segregation deviate 
markedly from those observed. Those observed conform, however, 
to the niimhers expected on the basis of 9.07 ±1.24 percent crossing 
over. 

Although the data are too few to indicate the order of the three 
gene pairs, they suggest that these genes are in the order of Bli, Rs, 

SUMMARY 

In a cross between Goldfoil, which carried the Goldfoil factor (M^) 
for resistance to mildew, and which is awned and hulled, with Nepal 
595, which carries the contrasting characters, it was found that mildew 
resistance was linked with hooded (K) 18.77 ±2.33 percent, and with 
the Bl factor for blue aleurone with a cross-over of 26.31 ±5.05 per- 
cent. As Robertson et ah (5) had previously shown, K ami Bl are 
linked with a value of 22.58 ±0.82 percent. These factors have been 
assigned to linkage group IV (6). Because the factors in this cross 
enter it in the repulsion phase, the probable errors are relatively high, 
and the order of the three genes under consideration is not clearly 
indicated. The order suggested is Bl, K, Mlg. 

Red stem color in this cross was found to be due to a single factor 
which was designated as Rs. This factor was found to be linked with 
hulled (iV), 14.50 ±1.06 percent, and with a second factor for blue 
aleurone color (Bli) with a cross-over value of 9.07 ±1.24 percent. 
These genes have been assigned to linkage group III (4, 6). Here, 
again, the order of the genes under consideration is not definitely 
indicated, but the suggested order is A^, Bli, Rs. 
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SURVIVAL, WEIGHT, AND LOCATION OF EUROPEAN 
CORN BORERS FEEDING ON RESISTANT AND SUSCEP-- 
TIBLE FIELD CORN' 

By L. H. Patch 2 

Associate entomologist, Division of Cereal and Forage Insect Investigations, Bureau 

of Ento'mology and Plant Quarantine, Agricultural Research Administration, 
United States Department of Agriculture 

INTRODUCTION 

Certain strains of corn have shown greater resistance to the sur- 
vival of the European corn borer {Pyrausta nubilalis (Hbn.)) than have 
others. The utilization of this resistance in the practical control 
of the borer would be facilitated by a better knowledge of the factors, 
responsible for it and of the ways in which they operate. Studies 
were therefore conducted in 1936 and 1937 near Toledo, Ohio, to deter- 
mine, if possible, what the factors are and how, where, and when they 
influence the development of the borer. 

One of the most resistant strains of field corn (Zea mays L.) yet dis- 
covered, single-cross hybrid 111. Hy X R4, was compared with one of 
the most susceptible. 111. A X Ind. TR. Although these hybrids have 
silked and matured their grain within 1 or 2 days of each other through- 
out the period of test, from 1932 to 1939, inclusive, every test has shown 
materially fewer borers surviving in Hy X R4 from a given number of 
eggs, and has indicated an inherent character for borer resistance. 
This character was at first thought to be delayed eclosion of the tassel, 
for in this hybrid the upper leaves remain wrapped around the tassel 
until nearly time for pollen shedding. Since the additional mature 
borers surviving in A X TR nearly equaled the additional immature 
larvae found in the tassels, it was thought probable that the availa- 
bility of the tassel buds for larval feeding accounted for its relative 
susceptibility. 

The relative survival of borers in the resistant and susceptible 
hybrids was studied at difterent stages of plant development. To 
determine whether the difference between the two hybrids was as 
great in the absence of tassels as when they are available, the tassels 
were removed by hand in another experiment. The age of the borers 
at the time the differentiation in survival occurred, the comparative 
weights of the borers found within the tassel buds and in other parts 
of the plants at different ages, and the locations in the plants of the 
borers throughout their growth were also studied. 

EFFECT OF STAGE OF PLANT DEVELOPMENT AND PRESENCE OF 
TASSELS ON LARVAL SURVIVAL 

To assure adequate levels of infestation and a wide range in plant 
development at time of borer hatching, in 1936 and 1937 corn was 

O Received for publication February 27, 1942. 

2 The writer is indebted for assistance received from the following members of the staff of the Toledo, Ohio, 
laboratory to W. A. Baker under whose general supervision the work was conducted, to G. T. Bottger 
and Ralph Mathes for providing egg masses for the infestations, to B. A. App for supervising the counting 
and weighing of borers from different parts of the plants, to R. T. Everly for assembling and tabulating 
the data, and to Elmer Beck for the photograph in figure 3. 
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planted on 10 or 12 dates, and the plants were infested by hand over 
an extended period with egg masses produced by moths confined m 
cages in the laboratory.® Kesults reported in a previous publication “ 
indicated that the data obtained under conditions of artificial infesta- 
tion are comparable with those obtained under natural conditions. 

In 1936 the experimental field was divided into 10 strips extending 
from north to south across the field. In these strips corn was planted, 
in 3-plant hills 42 inches apart each way, in successive plantings at 
2- to 4-day intervals beginning on May 7, the east half of each strip 
to Hy X K4 and the west half to A X TR. On June 30 the field Avas 
again divided mto strips at right angles to the first set, or extending 
from east to west. Beginning at the south end of the field, the first 
4 strips of this set marked off plots of 12 hills of each hybrid in each 
planting and 7 other strips marked off 8-hill plots. The first strip 
was infested by hand on June 30 with 4 egg masses per plant, hatching 
within a day, m addition to a light natural infestation. Ten other 
infestations were made successively in strips toward the north, the 
last one on July 24. 

The stage of plant development, as measured by the number of 
days from borer hatching to pollen shedding,' the average number of 
mature or nearly mature borers per plant counted from three or four 
plots for each hybrid, and their ratios, expressed as percentages of the 
borer-susceptible hybrid, are given in table 1. In figure 1 these per- 
centages have been plotted against the number of days between borer 
hatching and pollen shedding, and a freehand curve has been fitted 
to the data. 

TABiJi l.~ Effect of stage of plant development, as meastired by the interval from borer 
hatching to pollen shedding, on the number of mature European corn borers in 
resistant (Hy X R4) and susceptible X TE) single-cross htjbrid -firld corn, 
Toledo, Ohio, 1936 


Days from 
borer 
hatching 
to pollen 
shedding 

Borers per plant— 

Days from 
borer 
hatching 
to pollen 
shedding 

Borers per plant— 

In 

;V X TR 

In 

Hy X R4 

Ratio 

Hv X R4 
to A X TR 

In 

A X TR 

In 

Hy X R4 

Ratio 

Hy X R4 
to A X TR 


Number 

Number 

Percent 


Number 

Number 

Percent 

38., 

8.2 

2. 5 

30 

17 - 

4 7 

15 

32 

37 

35- 

8.7 

2.6 

30 

16 - 

6 8 

2 5 

33 - - 

9. 6 

2.5 

26 

16 

8. 5 

3. 5 

41 

31 

8.0 

3.5 

44 

14 

6 0 

4. 1 

68 

29- 

8.3 

3.3 

40 

14 

12 3 

4 7 

38 

28-—- 

8.4 

4. 1 

49 

13 

11 2 

5.8 

8 1 

52 

26.-.. 

7. 5 

3. 1 

41 

11 

14 7 

55 

26 

6.6 

4.0 

61 

11 

15. 5 

7. 9 

51 

25- 

5. 9 

2.5 

42 

10 

10.9 

5, 8 

53 

23-—--- 

■ 8.7 

4.3 

49 

9 

10.0 

7. 7 

77 

23.. — -- 

4.9 

2.5 I 

51 

9 

18.4 

lO. 3 

56 

22.—. 

8.9 

4.5 

51 

7 

14.0 

9. 2 

66 

21- — -- 

4.8 

1.6 

33 

6 

23. 1 

14. 6 

63 

21 — 

7.5 

3.4 

45 

5 

16. 3 

12 ! 4 

76 

18- — -. 

6.2 

2. 2 

35 

4 

19.3 

15. 6 

81 

18- 

8.3 

4.6 

55 

2 

25. 7 

21.3 

83 

17- 

10.7 

4,8 

45 




In both hybrids the number of mature borers per plant on plants on 
which the borers hatched within 14 days of pollen shedding showed a 


3 Patch, L. H., and Peirce, L. L. laboratory production of clusters of European corn borer 
EGGS FOR USE IN HAND INFESTATION OF CORN. JOUF. Econ. Ent. 26: 196-204, illuS. 1933. 

4 Patch, L. H. resistance of a single-cross hybrid strain of field corn to European corn borer. 
Jour. Econ. Ent: 30: 271-278, illus. 1937. 
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pronounced increase over the number on plants in an earlier stage of 
development (table 1). 

Figure 1 shows a change also in the ratio between the two hybrids 
on plants at this stage of development. The ratio increased gradually 
from 38 to 48 percent as the time between borer hatching and pollen 
shedding decreased from 38 to 14 days and then increased sharply to 
86 percent as the interval decreased to 2 days. The increase in the 
ratio from 38 to 86 percent shows that hybrid Hy X R4 was much less 
resistant, relative to A X TR, when the borers hatched just before 
pollen shedding than when they hatched about 30 days before. 

The period within 14 days of pollen shedding had such marked 
efl'ects on borer survival and the relative number of borers in the two 
hybrids that the development of the plants within this period was 
given special study. The tassels of hybrid A X TR came into view 



PERIOD FROM BORER HATCHING TO POLLEN SHEDDING (DAYS) 


Figure 1. — Effect of stage of plant development on the ratio of the number of 

European corn borers in borer-resistant single-cross hybrid field corn Hy X 114 

to the number in borer-susceptible hybrid A X TR, Toledo, Ohio, 1936. 

10.3 days before they shed pollen, and the tassels of Hy X R4, although 
only 1.5 days later in development, came into view 4.2 days before 
they shed pollen. The tassels, growing up within the enveloping 
whorl of leaves, were undoubtedly available to the young borers 
before they came within view of the observer. Data from an experi- 
ment in 1937 show that in A X TR 50.5 percent of the borers, 4 days 
old, were in the tassels 14 to 17 days before the plants shed pollen as 
compared with 5.1 percent in Hy X R4. Hence the maximum avail- 
ability of the tassel buds for feeding occurred, at least partly in Hy X 
R4 and probably wholly in A X TR, within the period when the egg 
infestations were made that resulted in large increases in the number 
of mature borers. 

To determine whether increases in the level of borers in the two 
hybrids, both actually and relatively, would occur in the absence of 
tassels as well as in their presence, 9 pairs of 48-plant plots were 
planted on May 7, 1937, one plot of each pair to Hy X R4 and the 
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other to A X TK. All plots were infested with 3 egg masses per 
plant. On the first 3 pairs of plots the borers hatched, respectively, 
on July 4, 8, and 12, when the tassels w^ere not visible to the observer, 
and on the other 6 pairs the borers hatched between July 16, when 
most of the tassels of A X TR were just visible, and July 24, when 
many tassels of A X TR were shedding pollen. Before the eggs were 
placed on the plants of these 6 pairs, the tassels were pulled from one- 
half of each plot, except the July 16 pair of plots, from which they 
could not be pulled without mutilating the plants. 

The number of borers per plant in each hybrid from the detasseled 
plants in the plots where the borers hatched on July 19, 20, 21, 23, 
and 24 were plotted against the date of borer hatch, and freehand 
curves were fitted to these data (fig. 2). The curve for A X TR is 
shown as a broken line between July 8 and 19, because the plotted 
data from the plots where the borers hatched on July 12 and 16 were 
not used in fitting the curve. The number of borers in the plot where 
the borers hatched on Jidy 16 was considerably above the level ex- 
pected from the broken curve in figure 2, because the tassels could not 



Figure 2. — Effect of stage of plant development on the level of the European 
corn borer population in borer-resistant single-cros.s hybrid field corn Hy X R4 
and borer-susceptible hybrid A X TR when the effeh of the tassels was elim- 
inated, Toledo, Ohio, 1937. 

be removed. The tassels in the plot of A X TR where the borers 
hatched on July 12 were beginning to show on July 13. Since 50.5 
percent of the borers 4 days old were in tassel buds from 4 to 7 days 
before the tassels became visible to the observer, the higher-than- 
e.xpected level of borers in the Jidy 12 plot of A X TR was undoubtedly 
due to the availability of the tassels. 

The trend of the curves in figure 2 indicates that the levels of borers 
were higher on the more mature plants of both hybrids even though 
the effect of the tassels had been eliminated. The effect of weather 
on borer establishment was a possible factor. Records taken in the 
field show that the weather was especially uniform between July 18 
and 25, when the detasseled plants were infested. Between these 
dates no rain fell and the temperature did not rise above 90° F. 
A heavy rain of 2.22 inches fell on Jidy 25. However, since there were 
more borers in the plots of both hybrids where the borers hatched on 
July 24 than in the other plots, rainfall had no inhibiting effect on 
borer establishment. The weather between July 3 and 13, when the 
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infestations were made that resulted in low borer populations, is 
believed to have been favorable for borer establishment. Stirrett,^ in 
stuclying the effect of four or five rainstorms during the hatching period 
in each of 3 years, concluded that rain has little effect on larval 
survival. It is probable, therefore, that the higher borer survival on 
the more mature plants, indicated in figure 2, was not the result of 
weather conditions. 

From, the data at hand the conclusion is drawn that the rate of 
borer survival increases with advance in plant development at time 
of borer hatch, at least up to the pollen-shedding stage, and that there 
is an additional rise in the borer level in those hybrids in which the 
tassels are more accessible to the young borers. Hybrids with delayed 
tassel eclosion would probably partly inhibit borer survival if the borers 
hatched within 14 days of pollen shedding. 

The curves in figure 2 indicate that there was an increasingly larger 
percentage of borers in Hy X H4 as compared with A X TR as the plants 
approached the pollen-shedding stage. Data taken from, the curves 
show that in the plants where borers hatched July 8 an average of 50.0 
percent as many borers were in Hy X R4 as in A X TR, as compared 
with 52.3 and 68.1 percent in the detasseled plants where borers 
hatched on July 19 and 24, respectively. Hence it appears that 
hybrid Hy X R4 lost some of its resistance to the borer relative to 
A X TR when the borers hatched on plants approaching close to the 
pollen-shedding stage, even though the effect of the tassels had been 
removed. 

AGE OF BORERS AT TIME OF DIFFERENTIATION IN SURVIVAL 

Another experim.ent sim.ilar to that of 1936 was conducted in 1937, 
which, comprised 12 plantings of A X TR and Hy X R4 from Alay 7 
to June 5. Manual infestations with eggs hatching within a day 
were made on July 8 and 12 on separate plots of each planting. Soon 
after the eggs hatched, two plants of each hybrid were taken from 
each planting each work day, the borers in them counted, and their 
locations in the plants noted. Dissection of plants infested on July 8 
alternated with that of plants infested on July 12. It was possible 
to combine the derived data so that 12-plant samples were made up 
for 12 different ages of the borers ranging from. 4 to 55 days for groups 
of plants shedding pollen 14, 17, 18, 20, 21, 24, 28, and 32 days after 
borer hatching. These data were further combined by averaging the 
14-, 17-, and 18-day groups from plants in a late stage of development, 
the 20- and 21-day groups from plants in a midseason stage, and the 
24-, 28“, and 32-day groups from plants in an early stage. As a result 
samples of 36 or 24 plants and a somewhat stabilized ratio of the 
number of borers in Hy X R4 to those in A X TR were obtained 
(table 2) . ^ , 

The numbers of borers in the various age groupsare given in table 2. 
In hybrid A X TR the population of boiws in the 50,0-day age 
group of plants in the late stage of development was 58.4 percent, and 
in plants in the midseason stage 29.1 percent, greater than in plants in 

5 Stirrett, G. M. a field study of the flight, oviposition and establishment periods in the 

LIFE cycle of the ETTROPEAN CORN RORER-PYRAUSTA NUBILALIS, HBN., AND THE PHYSICAL FACTORS AFFECT- 
ING THEM. V. THE SEASONAL CHARACTERISTICS OF PLIGHT, OVIPOSITION AND LARVAL ESTABLISHMENT. THE 
VARIATIONS AND EFFECTS OF SEASONAL CLIMATE. THE FACTORS CAUSING FLUCTUATIONS IN BORER POPULA- 
TIONS. Sci. Agr. 18: f)5:H)83, lllUS. 1938. . 


12 


Journal of Agricultural Research 


Vol. 66, No. 1 


the early stage of development. In the hybrid Hy X R4 there were 
39.9 and 21.0 percent more, respectively, in plants in the last two 
stages of development. Apparently, conditions for borer survival did 
not improve so much in Hy X R4 as they did in A X TR, especially 
in plants in the late stage of development, for there were 39 and 42 
percent as many borers in Hy X R4 as in A X TR in the late and 
midseason stages, respectively, as compared with 45 percent in the 
early stage. In the 1936 experiment Hy X R4 contained about 46 
percent as many mature borers as did A X TR in plants of the early 
stage, and this percentage increased to 86 (fig. 1) as the time from borer 
hatching to pollen shedding decreased from 14 days to 2 days. 


Table 2. — European corn borers of different ages infesting borer-resistant {Hy X R4) 
and borer-susceptible (a1 X TR) single-cross hybrid field corn in different stages of 
development at time of borer hatching, Toledo, Ohio, 1937 




Borers per plant— 
(plants in early stage) 

Borers per plant— 
(plants in miclseason stage) 

Borers per plant— 
(plants in late stage) 


Age of borers 
^ (clays) 

In 

A X T .R 

In 

Hy X R4 

Ratio 
Hy X R4 
to 

A X TR 

In 

A XTR 

In 

HyXIM 

Ratio 

HyXR4 

to 

A X TR 

In 

A X TR 

In 

Hy X R4 

Ratio 
Hy X R4 
to 

A X TR 

41 

N'umher 
11. 5 

Number 

6.4 

Percent 

56 

Number 

15.9 

Number 

9.2 

Percent 

.58 

Number 

17.7 

Number 
11. 5 

3. 7 

Percent 

05 

8 . _ 

8.S 

3. 6 

10.0 

,5.0 


10. 3 


18 

5.9 

2. 6 


6.3 

4.0 


9.8 

3.0 


17’ 

3.9 
i 3.0 

2.4 


6. 5 

3.0 

2.4 


8.3 

3. 6 


22 

2. 1 


6.6 

j 

7.1 

2.6 











Mean: 1,5.0-... 

5. 40 

1 2.68 

50 

7.35 

3.60 

49 

8. 88 

3.23 

36 

26 


3.9 

2.4 


4.5 

2. 6 


6.8 

2.8 


31 - 

3.5 

2. 1 


4. 1 

2. 2 


,5.6 

2.0 


36 

3. 1 

2. 1 


4. 3 

1. 6 


5.2 

2.4 


41 

2.6 

1.2 


5. 1 

2.4 


5. 6 

2. 4 










Mean: 3H.,5.. . 

3.28 

3.95 

59 

4.50 

2.20 

49 

5. SO 

2. 40 

41 

4.5 


3.0 

1.3 


4.9 

2.0 


6. 1 

2. 1 


,50 


3. 0 

1.6 


3.7 

1. 6 


5. 1 

2. 1 



3.6 

1.4 


3.8 

1.6 


4. 0 

L8 









Mean: 50.0.. 

3. 20 

1.43 

45 

4. 13 

1.73 

42 

5. 07 

2. 00 

39 


^ Data for borers 4 days old not included in calculating means for the age group 8 to 22 days. 


Table 2 also shows that the borer population in both hybrids 
decreased considerably with advancing borer age, most of the decrease 
in Hy X R4 occurring before the eighth day. The ratio of the num- 
ber of borers in Hy X R4 to the number in A X TR, however, decreased 
little after the fourth day. At 4 days old from 56 to 65 percent as 
many borers were found in Hy X R4 as in A X TR, depending on the 
stage of the plants, and with borers averaging 50.0 days old the per- 
centages ranged from 45 to 39, but it is doubtful whether these per- 
centages differ significantly from those based on the two preceding- 
age groups. Most of the differentiation in the borer population 
between the two hybrids therefore occurred before the borers were 
4 days old. 

More detailed data from the plants infested on July 8 give totals 
of 506, 587, and 343 young larvae in 24 plants of A X TR on the 
first, second, and fourth days after hatching. Samples of Hy X R4 
contained 88, 55, and 49 percent as many larvae, respectively, showing 
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again that the differentiation in the number of borers in the two 
hybrids occurred within the first 4 days after hatching. 

COMPARATIVE WEIGHTS OF BORERS AT DIFFERENT AGES 

At various times during the first 57 days of larval life borers were 
dissected from the sample plants and weighed on the day of dissection. 
In the course of dissection many borers were accidentally cut and were 
not weighed. All the borers taken from the tassels of Hy X R4 and 
available for weighing totaled less than 100, and no comparisons were 
possible between these borers and borers from other locations. The 
samples of borers from the tassels of A X TR, however, were adequate, 
and the weight of borers of the same age averaged more than that of 
borers taken from other parts of the plant. When 7.4, 13.5, 19.1, and 
24.6 days old, borers from parts of plants other than the tassels weighed 
69.8, 82.4, 81.1, and 76.3 percent as much, respectively, as borers 
taken from the tassel buds or tassel stalks. The young borers up to 
25 days old evidently found the tassels more nutritious than other 
parts of the plant. 

Comparisons were made between the weights of borers taken from 
the entire plants of A X TR and Hy X R4. The growth curve of the 
borers from the 4 latest plantings of Hy X R4 did not differ essentially 
from that of the borers from the 4 earliest plantings. The borers from 
the 4 earliest plantings of A X TR weighed more than the borers 
from the 4 latest plantings, probably in part because 39 percent were 
from the tassels in the 4 earliest plantings as compared with 12 per- 
cent in the 4 latest plantings. Table 3 gives the number of borers and 
their mean weights from the 4 earliest and 4 latest plantings of A X TR 
and from these plantings combined in the case of Hy X R4. A sample 
of 200 newly hatched borers averaged 0.11 mg. per borer, but not 
until the borers were 12 days old were weighings of borers from all 
plantings made. 

Table 3. — Weights of European corn horer larvae of different ages' taken from the 

entire plants of borer-resistant (Hy X R4) and borer-susceptible (A X TR) 

single-cross hybrid field corn, Toledo, Ohio, 1987 


Mean age of 
borers (days) 

AXTR 

Hy X R4 • 

Ratio of weight of 
borers in Hy X 
R4 .to those in 
A X TRi 

4 earliest plantings 

4 latest plantings 

Total of 4 earliest and 
4 latest, plantings 

Borers 

Mean 

weight 

Borers 

Mean 

weight 

Borers 

Mean 

weight 

4 earliest 
plantings 

4 latest 
plantings 


Number 

Milligrams 

Number 

Milligrams 

Number 

Milligrams 

Percent 

Percent 

13.6.. 

260 

7.0 

148 

5.2 

136 

5.6 

80.0 

107.7 

18.4...... 

230 

10. 8 

60 

8.2 

144 

7.0 

64.8 

85.4 

23.1 

191 

24.5 

76 

17.2 

116 

15.9 

64.9 

92.4 

27.8 

167 

42.9 

102 

33.2 

105 

29. 6 

69. 0 

89.2 

32.5............... 

161 

71.7 

59 

51.4 

94 

36. 3 

50. 6 

70.6 

37.2......... 

143 

93.9 

65 

88.3 

108 

51.8 

55.2 

58.7 

41.7............... 

179 

105. 1 

69 

99. 7 

97 

83. 0 

79. 0 

83. 2 

46.4 ...... 

151 

121.7 

62 

108.9 

90 

93. 1 

76,5 

85. 5 

51.2...... 

130 

113.5 

74 

119.6 

99 

94.4 

83.2 

78.9 

56.8..... 

210 

122. 0 

114 

116.1 

118 

110.8 

90. 8 

95, 4 


1 Data for Hy X R4 are based upon the total of the 4 earliest plantings and the 4 latest plantings. 


The ratios of weights of borers in Hy X R4 relative to those in 
A X TR decreased with advancing age until about 33 to 37 days 
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after liatcliing and then increased as the borers approached maturity. 
This relationship indicates that during the first half of the growth 
period the borers in A X TR grew faster than those in Hy X R4, but 
during the last half of the period they approached their full-fed weight 


types^ of feeding areas of the European corn borer on the leaf 
orn: /i , Borer-susceptible single-cross hybrid A X TR; B, borer- 
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Averages of the ratios in table 3 show that from 18.4 to 46.4 days 
after hatching the borers in Hy X Ii4 weighed 65.7 percent as much 
as those in the first four plantings, and 80.7 percent as much as those 
in the last four plantings of A X TR. From the data in table 2 it 
may be seen that during the period 17 to 45 days after the hatching 
of a given number of eggs the survival on Hy X R4 averaged 48 per- 
cent of the survival on A X TR. Thus, since both the weight of the 
surviving borers and the percentage of survival were lower in Hy X R4 
than in A X TR, it is evident that the former is a less suitable food 
for the borers. 

In the preceding section it was shown that the earlier plantings 
provided better conditions for the survival of borers in both hybrids, 
especially in A X TR (table 2). A comparison of the weight ratios 
of 65.7 and 80.7 percent, coupled with the fact that the growth curves 
for larvae in the four earliest and four latest plantings of Hy X R4 
were the same, indicates that the borers in A X TR gained more in 
growth over the borers in Hy X R4 in the earliest plantings than in 
the latest plantings. Hence, the borers in the earliest plantings of 
A X TR compared with borers in the latest plantings encountered 
better conditions for survival and also for a more rapid giowth than 
did the borers in corresponding plantings of Hy X R4. 

The feeding responses of newly hatched larvae on the leaf tissue of 
Hy X R4 also indicate that this hybrid is imperfectly adapted to 
them. The pin-point feeding areas on Hy X R4, as shown in figure 
3, suggest that the young larvae made numerous attempts to find 
suitable food, whereas the narrow, elongated feeding areas on A X TR 
suggest that the larvae found suitable food on the first trial and re- 
mained to complete feeding. Bottger’s ® observations further suggest 
that the fine-textured excrement, greatly changed in color, from borers 
feeding on internodes of A X TR indicates a more nearly complete 
digestion than does the coarse-tectured excrement, retaining the 
original color of the food, from borers in Hy X R4, 

LOCATION OF BORERS IN THE PLANTS 

The basic data summarized for table 2 were combined further to 
learn the feeding locations in the two hybrids at different ages of 
borers. Table 4 gives the percentages of the total number of borers 
feeding in different locations for four age groups and for four groups 
of plants differing in stage of development. Since it has been shown 
in table 2 that about the same percentage of borers died with advancing 
age in Hy X R4 as in A X TR beyond the fourth day after hatching, 
a direct comparison may be made between the percentages of the 
borers in the different locations in the two hybrids. 

The first marked difl‘erence observed in the location of the borers 
was in their distribution between the tassels and whorls up to the 
time they were 13 days old. The larger percentage found in the 
tassels of some plants was offset by a nearly equal larger percentage in 
the whorls of other plants. This difference in location occurred both 
between plants of A X TR and Hy X R4 in nearly the same stage of 
development at time of borer hatch but with a delayed eclosion of the 
tassels in Hy X R4 and between plants of A X TR in a relatively 

6 BOTTGER, G. T. PRELIMINARY STUDIES OP THE NUTRITIVE REQUIREMENTS OF THE EUROPEAN CORN 
BORER Jour. Agr. Res, 60: 249-258. 1940. 
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late stage and plants in an early stage with undeveloped tassels. 
When borers 4 to 13 days old hatched from 14 to 20 days before pollen 
shedding, averages of 39.2 and 25.1 percent were in the tassels and 
whorls of A X TE, respectively, as compared with 7.4 and 51.2 
percent in Hy X E4. The 31.8 larger percentage of borers in the 
tassels of A X TE does not differ greatly from the 26.1 larger per- 
centage in the whorls of Hy X E4. When borers of the same age 
hatched from 21 to 32 days before pollen shedding, averages of 6.5 
and 64.4 percent were in the tassels and whorls, respectively, of A X 
TE. The 32.7 larger percentage in the tassels of the relatively more 
mature plants of A X TE does not differ greatly from the 39.3 larger 
percentage of borers in the whorls of the less mature plants of A X TE. 

Table 4. — Percentage of the total number of European corn borers of different ages 
located in the parts of plants of borer-resistant (Hy X R4) as compared with 
borer-susceptible (A X TR) single-cross hybrid field corn when the borers hatched 
14 to S2 days before the plants shed pollen, Toledo, Ohio, 1937 


4-131 


17-26 


31-41 


45-55 


Borers found— 


Total 
borers 
in 72 
plants 

Within 
tassel 
buds or 
stalks 

On leaf 

Within 
ear buds 
or ears 

Within 
inter- 
nodes of 
stalk 

Within 

whorl 

Under 

ligules 

Within 

midrib 

On sur- 
face 

Behind 

sheaths 





















PP 

P5 


Ph 

PP 


Pi 

P3 

P^ 

p> 

Pi 

Pi 

pp 


Pi 

Pi 

X 


X 


X 

b< 

X 

e 

X 

, 

X 


X 

E-^ 

X 


X 

Eh 

!>s 

X 


X 


X 

>•. 

X 


X 


X 


X 


X 


X 

w 


W 

<5 

w 


w 


w 


w 


w 


w 


W 


No. 

No. 

Pci. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

492 

1,068 

12.0; 53. 8 

44.0 

13.4 

28. 1 

19.0 

4.3 

1.8 

2.5 

1.3 

7.2 

6.8 

1.9 

1.7 

0 

2.2 

409 

612 

2. 7(24.6 

58.3 

36.7 

23.5 

23.6 

1.9 

3.8 

3.0 

2.8 

10.1 

7.5 

.5 

.2 

0 

.8 

358 

920 

1.2 

11.9 

52.1 

55.3 

25.5 

12.9 

4.2 

1.9 

6.5 

1.4 

10.2 

16.6 

.3 

0 

0 

0 

289 

475 

0 

l.T 

59.9 

73.4 

13.1 

14.9 

6.5 

1.5 

12.8 

2.6 

6.9 

6.5 

.8 

0 

0 

0 



4.0 

22.9 

53.6 

44.7 

22.5 

17.6 

4.2 

2.3 

6.2 

2.0 

8.6 

9.3 

.9 

.5 

0 

.7 

266 

635 

13.5 

19.9 

1.3 

.5 

35.8 

27.7 

9.5 

3.1 

2.8 

.8 

13.8 

14.6 

9.7 

17.7 

13.6 

15.7 

150 

352 

14. 2 

24.6 

6.3 

1.4 

44.1 

33.7 

10.7 

5.1 

2.5 

2.3 

9.4 

9.8 

2.4 

10.1 

10.4 

13.0 

223 

436 

11.0,23.7 

9.3 

2.1 

40.6 

30.9 

15.9 

10.3 

1.4 

2.1 

10.0 

13.5 

.9 

3.1 

10.9 

14.3 

127 

186 

4.8il0.8 

16.2 

16.1 

42.9 

37.1 

16.7 

9.3 

2.9 

1.5 

3.3 

8.6 

3.7 

2.3 

9.5 

14.3 



10.9 

19.8 

8.3 

5.0 

40.8 

32.4 

13.2 

6.9 

2.4 

1.7 

9. 1 

11.6 

4.2 

8.3 

11. 1 

14.3 

Iss 

485 


5.8 



11.2 

4.0 

1.9 

.2 

1. 1 

0 

13.1 

8.0 

26.4 

30.9 

40.7 

51. 1 

119 

246 

7.9 

11.2 



13. 7 

7.8 

1.5 

3.4 

1 5 

.5 

19.2 

10.6 

14.8 

23.9 

41.4 

42.6 

176 

349 

6.9 

10.8 



17.6 

10.8 

7.9 

.9 

L3 

.5 

19.0 

11.1 

13.6 

20.8 

33.7 

45. 1 

103 

159 

10.7 

10.7 



16.5 

10. 1 

4.4 

1.3 

1.7 

1.2 

12.1 

10.0 

5. 1 

11.9 

49. 5 

54.8 



7.8 

9.6 



14.8 

8.2 

3.9 

1.5 

1.4 

.5 

15.8 

9.9 

15. 0 

21.9 

41. 3 

48. 4 

'ih) 

424 

1.9 

LU 



2.0 

0 

0 

0 

.6 

.2 

18.8 

13.3 

20.3 

17.5 

56.4 

67. 1 

122 

266 

1.6 

1.8 



.7 

.3 

.7 

.3 

0 

.8 

25.6 

16.8 

17.4 

11.8 

54.0 

68.2 

142 

355 

2.9 

3.6 



0 

.6 

0 

0 

1.5 

.6 

18.2 

9.1 

11.3 

18.2 

66.1 

67.9 

74 

142 

2.6 

2.9 



4.4 

.8 

1.2 

0 

0 

0 

20.6 

15.8 

8.9 

10.4 

62.3 

70. 1 



2.2 

2.5 

— - 

— 

1.8 

,4 

.5 

.1 

.5 

.4 

20.8 

13.8 

14.5 

14.5 

59.7 

68.3 


It was shown previously that the differentiation in the number of 
borers found in the two hybrids occurred before the borers were 4 
days old. It was indicated also that 50.5 and 5.1 percent of the 
borers 4 days old were in the tassels of A X TR and Hy X R47 respec- 
tively, 14 to 17 days before the plants shed pollen. In other samples 
of plants of the same plantings, but infested earlier when the tassels 
were not available, during the first 4 days of larval life 662, or 70 
percent, of 943 borers were within the whorl of leaves of Hy X R4, 
and 1,107, or 77 percent, of 1,436 borers were within the whorl of 
leaves of A X TR. Therefore, most of the differentiation in the 
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niimbers of borers surviving in Hy X R4 and A X TR occurred in 
this part of the plant. 

The percentage of borers of all ages in the tassels and the total 
percentage in the ears and internodes were larger in A X TR, but the 
total percentage in the whorls, ligules, and midribs was larger in 
Hy X R4. These differences are best shown in table 5, where the 
data from table 4 have been consolidated for two stages of the plants 
and four age groups of borers. 


Table ^.—Location of European corn borers of digerent ages in plants of borer- 
resistant {By X Tif) and borer-susceptible (x4 X TR) single-cross hybrid field 
corn, Toledo, Ohio, 1937. Consolidation of data in table 4 


Bays 


Borers found— 

between 







borer 

Age of 



In whorls, ligules, 

In ear buds or ears 

On leaf surface and 

hatching 

1 Intessels 

and midribs of 

and internodes 

behind leaf 

and pol- 




leaves 

of stalk 

sheaths 

ien shed- 







ding 









HyXR4 

A X TR 

HyXR4 AXTR 

HyXR4 AXTR 

HyXR4 AXTR 


Days 

Percent 

Percent 

Percent Percent 

Percent Percent 

Percent Percent 


{ 4-13 

7.4 

39.2 

80. 0 49. 2 

1. 2 2. 5 

11.4 9.2 


J 17-26 

13.9 

22.3 

53. 9 35. 8 

18.0 28.3 

14. 3 13. 8 

14-20. 

1 31-41 

6.8 

8.5 

14. 2 7. 7 

61. 7 74. 3 

17.5 9.6 


1 45-55 

1.8 

1.9 

1.7 .3 

74. 0 82. 3 

, 22.5 15.5 


f 4-13 

.6 

6.5 

80. 7 80. 0 

.6 0 

18. 2 13. 6 

01 oo 

1 17-26 

7.9 

17.3 

70. 8 52. 9 

12.5 17.0 

8.8 12.9 

xl-o/ 

1 31-41 

8.8 

10. 8 

23. 2 11. 6 

51.0 66.3 

17.0 11.4 


1 45-55 

2.8 

3.3 

2. 8 .7 

74. 3 83. 3 

20.1 12.8 


For all age groups except one there was little difference between 
groups in the percentage of the borers in the tassels. For the borers 
in the first age group in plants in the later stage of development the 
percentage in the tassels of Hy X R4 was 31.8 less than in those of 
A X TR. Borers of the next age group showed a decrease in the 
percentage in the tassels of A X TR and an increase in those of 
Hy X R4. The delay in the eclosion of the tassels of Hy X R4 and 
the resulting greater inaccessibility of the tassel buds to the young 
larvae is the only known reason for the smaller percentages of borers 
in the tassels of that hybrid. 

For the borers in the first age group in plants in the later stage of 
development there were 49.2 percent in the whorls, ligules, and midribs 
of A X TR as compared with 80.0 percent in those of Hy X R4. 
The difference, which was almost equal to the difference in the per- 
centages in the tassels but reversed, showed the effect of the delayed 
tassel eclosion of Hy X R4 in keeping the young larvae from entering 
the tassels. 

In plants in. the early stage of development the two hybrids showed 
nearly equal total percentages of borers of the earliest age group in the 
whorls, ligules, and midribs, and most of the remaining borers were on 
the surface of leaves and behind leaf sheaths. At this stage the tassels 
in both hybrids were mostly undeveloped and only relatively few 
borers becam.e established in them. 

As the borers grew older they left the whorls, ligules, and midribs 
to go into the ear buds, or ears, and internodes. Some of the borers 
in the tassel buds entered the tassel stalks, and many went to other 
locations, finding eventual establishment in the ears and internodes. 

■ .501095—42— —2 '' '' 
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For all age groups, when more than 1 percent of the borers is con- 
sidered, from about 5 to 15 percent more borers were in the ears and 
internodes of A X TR than of Hy X R4, an indication that they went 
to these locations earlier in A X TR. Consequently there were larger 
percentages in the whorl, ligules, and midribs of Hy X R4. The 
larger percentages of borers in the ears and internodes of A X TR 
were possibly associated with the larger size of the borers in this 
hybrid, the larger borers migrating to these parts before they did in 
HyXR4. " . 

For borers up to 26 days old the differences between the two hybrids 
in the percentages found on the surface of leaves and behind leaf 
sheaths are of minor consideration. The average for these borers in 
both plant-development groups was 13.2 percent in the case of 
Hy X R4 and 12.3 percent in the case of A X TR (table 5). For 
borers 31 to 55 days old on an average less than 1.5 per cent of the 
borers were on leaf surfaces in either hybidd (table 4). However, on 
an average 18.3 percent were behind the leaf sheaths in Hy X R4 
as compared with 11.9 percent in A X TR. 

The larger percentage behind the leaf sheaths of Hy X R4 was, 
again, probably a manifestation of the smaller size of the borers in 
that hybrid and of a resulting delay in entering the ears and internodes. 
The total percentage in the ears, internodes, and tassel stalks averaged 
82.7 in A X TR as compared with 70.3 in Hy X R4. Hence, the 
smaller percentage in these locations in Hy X R4 indicates an equal 
larger percentage in other locations as compared with A X TR. Of 
the 12.4 larger percentage in other locations of Hy X R4, 5.4 percent 
were located at the ligules of the leaves and in the midribs and 6.4 
percent ^fere behind the leaf sheaths. Probably most of the borers 
behind the leaf sheaths and at the adjoining ligules were just about 
to bore into the internodes. Many of the borers were seen boring 
into the Internodes when the plants were dissected. 

To complete the data on the parts of the plants infested, the per- 
centages of borers at 26 and 55 clays old occurring in particular inter- 
nodes were determined. Between these ages the relationship between 
percentages of borers and ages of borers in the internodes was found 
to be linear. A few borers were located in the thirteenth internode of 
both hybrids, or the interiiode just below the tassel. In the twcdfth 
to ninth internodes, called the top third of the internodes, as the age 
of the borers increased 29 clays, the 33 percent decreased to 14 in 
A x TR and 35 percent decreased to 25 in HyXR4. In the eighth 
to fifth internodes 42 percent increased to 54 in A X TR and 41 per- 
cent rem.ained constant in Hy X R4. In the lowest third of the inter- 
nodes, or the 4 internodes above the surface of the ground, 19 percent 
increased to 28 in A X TR and 8 percent increased to 29 in Hy X R4. 
These data show that when the borers were about half grown nearly 
the sam.e percentage were in the top third of the internodes of both 
hybrids and a smaller percentage were in the lowest third of the 
internodes of the resistant hybrid. With increasing age the borers 
left the top third of the internodes to enter those lower down, but 
they did so less extensively in the resistant hybrid, 

SUMMARY 

The discovery that a much smaller number of European corn borers 
matured from a given number of eggs hatching on resistant than on 
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susceptible field corn suggested that delayed eclosion of the tassel 
might be an important factor in borer survival. A study was there- 
fore made of the effect of the stage of plant development and the 
presence of tassels at time of borer hatching on two single-cross hybrids, 
borer-resistant 111. HyXR4and borer-susceptible III. A X Ind. TR. 
The comparative numbers and weights of the larvae from hatching 
to maturity and their location in the plants after .the differentiation 
in numbers occurred were also studied. 

Most of the differentiation in numbers of borers occurred within 
the first few days after hatching; thereafter survival was relatively 
the same in both hybrids. 

The borers developed at a slower rate in the resistant than in the 
susceptible hybrid. Feeding characteristics as well as weights of 
borers showed the resistant hybrid to be less suitable as food. 

The greater availability of the tassel buds in the susceptible hybrid 
seems to contribute to more rapid growth of the borers, but general 
unsuitability of the resistant hybrid for food is evidently a major 
factor in survival and probably in slower growth. 

Differences in borer survival between the resistant and susceptible 
hybrid became less as the plants were nearer the pollen-shedding stage 
at time of borer hatching, both when detasseled and normal plants 
were used. 

In plants shedding pollen 14 to 20 days after borer hatch, a inuch 
larger percentage of borers less than 13 days old were in the tassels 
of the susceptible hybrid, but almost an equally larger percentage 
were in the whorls, ligules, and midribs of the resistant hybrid, Most 
of the differentiation in survival occurred in the whorl of leaves. 
Larger percentages of the borers 17 to 55 days old were in the ears 
and internodes of the susceptible than of the resistant hybrid. When 
the borers were about half grown, nearly the same percentage were in 
the top third of the internodes of both hybrids and a smaller percentage 
in the lowest third of the internodes of the resistant hybrid. With 
increasing age the borers left the top third of the internodes to enter 
the internodes lower down, but they did so less extensively in the 
resistant hybrid. 




A PYTHIUM STALK ROT OF CORN ^ 

By Chaklotte Elliott 

Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 

Agricultural Research Administration, United States Department of Agrtculture 

INTRODUCTION 

A stalk rot, later shown to be caused by a species of Pythiurn, was 
first observed by M. T, Jenkins^ during late July and early August 
1940, on the Potomac River bottoms of the Arlington Experiment 
Farm, Arlington, Va., on plants of two inbred lines of dent corn 
(Zea mays L.). All 17 plants in a row of K167, an inbred line developed 
at the Kansas Agricultural Experiment Station, were infected and, 
when 15 to 20 inches high, had fallen over just above the ground . 
The top of each plant could easily be lifted from the crown and root. 
Adjacent rows of K168 showed no infection. A few days after the 
discovery of the disease a similar stalk rot was observed in the same 
nursery in six. rows of C. I.® 6, an inbred line developed by the Divi- 
sion of Cereal Crops and Diseases at the Arlington Farm. These 
plants were 5 feet tall and had stalks 1 inch or more in diameter. 
The six rows alternated with other inbreds, but infection occurred 
only in C. 1. 6 . A few plants in each of the six rows fell over, owing 
to rotting of the first or second internode above the soil luie. In 
most cases the tops remained green and turgid for a week or more. 
Both infections appeared after a heavy rain and a subsequent period 
of very high temperature and high humidity. The infection did not 
spread and when the temperature went down appeared to cease as 
suddenly as it had developed. 

THE DISEASE 

The p3^thium stalk rot of corn considered here develops rapidly 
during a few days of very high temperature and high humidity, 
becomes apparent when the plants fall over, and then, when the 
temperature falls, progresses no farther. The fungus destroys the 
stalk tissue for 1 or 2 inches at one of the lower internodes, causing 
large plants to fall over, and then, instead of progressing to new tissue, 
apparently ceases its activity. The roots are abundant and healthy. 
There is no stunting of the plants. They are healthy and grow 
vigorously, and the disease becomes apparent only when the stalks 
bend abruptly at one of the lower internodes and fall to the ground 
(fig. 1). The outer rind of the cornstalk, the epidermis, the lignified 
cells of the hypodermis, and the inner parenchynia cells are softened, 
disorganized, and destroyed, leaving only the separate browned 
strands of vascular bundles, which cannot support the plant (fig. 2). 

1 Received for publication April 2, 1942. 

2 Principal agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, XJ. S. Depart- 
ment of Agriculture. 

XC. I. refers to accession number of the Division of Cereal Crops and Diseases. Formerly, accession 
numbers for the inbred lines developed in this Division were designated by the prefix “U, S.” instead of 
“C, I.” but have been changed recently to avoid confusion with the designation of U. S. hybrids. 
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In the lignified tissue of the older plants, the rotting usually is 
confined to and may involve not more than 2 inches of one internode. 
The vascular bundles were observed to continue to function in some of 


Figure 2. —Natural infection with pythium stalk rot in plants of inbred C. T. 6, 
yellow dent corn, grown at the Arlington Experiment Farm. Photographed 
August 6, 1940. 


the large plants of inbred C. I. 6, so that the plants lying on the ground 
remained green and turgid for several days (fig. 1, A). Longitudinal 
sections of infected internodes showed water-soaked, brown tissue 
at the margins of infected areas and a sharp line of demarcation 
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between the dark-brown, water-soaked tissue and healthy tissue 
(fig. 3). Along this line there was often a purplish or lavender tinge. 

At the Arlington Experiment Farm the infection was most severe 
in the tender tissue of the young plants of inbred Kl 67, which were 
less than 2 feet tall, and developed first just above the ground level. 
It extended up the stalk through two to three internodes, or to the 
growing point, where infected tissue was much less clearly separated 
from the healthy. There was no putrid odor, as with bacterial 
infection, but a peculiar, characteristic odor, which has been described 
as /^marshy.'’ 

A similar stalk rot was observed early in August 1941, in a small 
field of Hybrid Extra Early Yellow Dent corn growing on a farm 
west of Petersburg, Dinwiddie County, A^a. The infection was 
scattered through the field but was more abundant on one side, where 
20 to 25 percent of the stalks had lodged. The stalks were Vi inches 
in diameter, and the plants had grown vigorously and normally with 
no signs of disease until they were found lying on the ground. Local 
rotting of internodes above the brace roots, like that in the plants of 
inbred C. I. 6, had caused them to lodge (figs. 4 and 5). 

The field was visited about 3 weeks after the infection was first 
reported. Some plants had died, but in. others the leaves and stalks 
above the rotted internodes were green and turgid, roots had developed 
at nodes just above the rotted internodes (figs. 5 and 6), and the 
growing tops had turned upward, developed tassels, and in one instance 
an ear (fig. 4). What was left of the rotted internodes was brown and 
dry. There was no evidence of bacterial infection and no odor of 
decay. In the interior of the stalks the rotted and healthy tissues 
were distinctly separated. The roots were abundant and healthy. 

The development of this stalk rot in Dinwiddie County, Va., in 
1941, followed a period of high temperatures, as was the case in 1940, 
at the Arlington Experiment Farm. The temperature and rainfall 
data for the two localities and for the period coinciding with or im- 
mediately preceding the observations of the disease are given in 
table 1. 


Table Temper aiure and rainfall data for the ArlingioJi Experiment Farm and 

Richmond f Fa., for the periods approximately coinciding with the appearance 
of the stalk rot disease of corn 


Date 

Arlington Experi- 
ment Farm, 1940 

Richmond, Va., 1941 

Date 

Arlington Experi- 
ment Farm, 1940 

Richmond, Va., 1941 

Maxi- , 
mum 
temper- 
ature 

Rainfall 

Maxi- 

mum 

temper- 

ature 

Rainfall 

Maxi- 

mum 

temper- 

ature 

Rainfall 

Maxi- 

mum 

temper- 

ature 

Rainfall 


° F. 

Inches 

° F. 

Inches 


° F. 

Inches 

° F. 

Inches 

July 15 

84 

0 

SO 

0 

July 24 

92 

3. 20 

86 

0 

16 

86 

0 

84 

0 

25 

96 

0 

89 

0 

17 

87 

0 

87 

.39 

26 

100 

0 

98 

.48 

18 

93 

0 

88 

.32 

27 

100 

0 

96 

«0 

19 

97 

0 

89 

.62 

28 

102 

0 

98 

0 

20 

98, 

0 

85 

.01 

29 

95 

.05 

90 i 

0 

21 

99 

0 

84 

0 

30 

98 

. 01 

98 

0 

22 

99 

' '0 

83 

0 

31 

95 

0 

97 

0 

23 

92 

0 

84 

2 T 







1 The disease occurred about 5 miles west of Petersburg, Va., and 20 miles south of Richmond. Weather 
records for Petersburg were not available. 

2 T= trace. 
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THE CAUSAL ORGANISM 

IDENTITY 

Specimens of stalk rot from the Arlington Experiment Farm, held 
in the culture room in glass dishes during a hot week end, developed 
a mat of cottony white mycelium. Transfers were made from this 
mycelium, and isolations also were made from pieces of rotted tissue 


I IGUEE 4. Hybrid Extra Early Yellow Dent corn near Petersburg, Dinwiddit 
County, Va., where 20 to 25 percent of the stalks had rotted just above tin 
ground and fallen over early in August. Photographed September 3, 1941. 

washed in sterile water, held overnight in water in the refrigerator 
t;?-,!-? water agar. Several isolations were made from botli 

K1 67 (culture 40-E) and C. I. 6 (culture 40-G). Pure cultures 
snowed a typical nonseptate mycelium, which when gi'own on corn 
meal-earrot agar developed an abundance of oogonia and antheridia 
Pure cultures of the fungus were identified by Gharles Drechsler ^ 
as Pythum butlen Suhr. The history of this species has been reviewed 

Vegetable Crors and Diseases. Bureau of Plant Industry. U. S, 


Jan. 1, 1943 


A Pythium Stalk Rot oj Corn 


27 



by Drechsler® under the name oi P. wphanidermatum. In 1934 
he® separated P, aphanidermatum into two species on the basis 


Figure 5. Stalk rot and root formation at nodes above rotted tissue on Hybrid 
Lxtra Early Yellow Dent corn, near Petersburg, Va. Photographed Septein- 
ber 4, 1941. 

of size of fruiting bodies. Zoosporangia, zoospores, and sexual 
structures a re larger in P. hutleri than in P. aphanidermaturn. 

■ ^ DrECHSLER, C. the cottony leak of CUCU.MRERS CAUSED BY PYTHIUM APHANIDERMATUM. JoUr. 
Agr. Res. 30: 1035-1042, mus. 1925. 

6 drechsler, G. PYTHIUM BUTLER! AND p. APHANIDERMATUM. ( A’lilraot) Phytapatliology 24 : 7. 1934. 
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^ pRECHSLER, 0. SEVERAL SPECIES OP PYTHIUM CAUSING BLOSSOM-END ROT OF WATERMELONS. Phvt'V 

pathology 29: 391-422, illus. 19^^^ 


The host range and distribution of the two species are still some- 
what confused. Although no extensive isolations have been made to 
determine the distribution of P. butleri, it is, according to Drechsler, 
a widely distributed fungus in warm climates, living near the surface 
of the soil and destructive to a variety of hosts. He reports ' (p. 
393) that during or immediately following periods of excessively 
hot moist weather this fungus may become, especially destructive. 

Repeated attempts were made to isolate an organism from the rotted 
stalks collected near Petersburg, Va., that would reproduce the disease. 

however, was not isolated and none of the other fungi 
isolated produced infection. Pythiurn butleri used in the same inccu- 


Figure (5. — Stalk rot, and root formation at nodes above rotted tissue, on Hybrid 
p]xtra Early Yellow Dent corn, near Petersburg, Va. Photogranbed SeiVem- 
ber 4, 1941. 

lation test produced typical stalk rot in the greenhouse at Arlington 
Experiment Farm. The known difficulties in isolating Pythiurn in 
other cases suggest that the failure to secure Pythiurn from the Peters- 
burg corn was due to lack of fresh material and actively developing 
infections. The infection in the field near Petersburg, therefore, 
probably was due to the same fungus that caused the stalk rot in the 
nursery at the Arlington Experiment Farm. 

PATHOGENICITY 

Cultures isolated from rotted stalks of two inbred lines of yellow 
dent corn, Kl67 and C. I. 6, were tested for pathogenicity in the 
field and in the greenhouse at the Arlington Experiment Farm. 

Fielu Inoculations 

Healthy plants of inbred C. I. 6, in the rows where the infection 
had developed, were used for inoculation with isolations from plants 
of Kl67 and C. I. 6 on August 12, 1940. The surface of the stalk 
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was washed, with alcohol and mercuric chloride, an incision made, and 
small pieces of agar culture inserted. Three plants were inoculated 
with each culture. Control plants were injured in the same way but 
no cultures were introduced. 

Maximum temperatures following inoculation were too low to be 
favorable for rapid development of the disease. Results of this 
inoculation are given in table 2, and the temperature and rainfall 

Table 2. — Results of inoculations in the field, August 12, 1940, of large plants of 
inbred C. L 6, yellow dent corn, with cultures isolated July SO and Aug. 3, 1940, 
from stalk rot lesions on K167 and (7. I. 6 


Plants— 


Culture No. 

Inoculated 

Fallen over 

With par- 
tial stalk 
rot 


Aug, 16 

Sept- 11 

40-F-lai K.. 

Number 

3 

Number 

0 

Number 

0 

Number 

3 

40-F-2ai 

3 I 

0 

0 

0 

40-F-3 1 - - i 

3 i 

0 

0 

3 

40-G-3a 1 2._. 

3 

0 

0 

0 

40-G-4C2 

3 

1 

1 : 

3 

40-G-5C2 - — - 

3 

0 

0 

0 

40-G-5b2 - 

3 

0 

0 

3 

Controls 

3 

0 

0 

0 


1 Isolated from inbred K167. 

2 Isolated from inbred C. I. 6. 


recoixls for the period from August 12 to September 22, 1940, at the 
Arlington Experiment Farm, are given in figure 7. 



Fioure 7. — Daily maximum temperatures and rainfall at the Arlington Experi- 
ment Farm from August 12 to September 22, 1940. 


The results of an inoculation with culture 40-G-4C, which caused 
rotting of the inoculated internodes so that the plant fell over 4 days 
after inoculation, are shown in figure 8, A. A longitudinal section of 
this plant (fig. 8, R) shows the results of inoculations in two inter- 
nodes. The infection in the lower internode progressed less rapidly 
than that in the upper. . Some of the inoculated plants were not 
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1^40, with Pythium hutleri, 

ll LnXditaf^ photographed August 24, 1940. 
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sufficiently rotted to fall over. Longitudinal sections of representa- 
tive stalks of these plants are shown in figure 9. The control plant 
showed some discoloration around the wound (fig. 9, A). All four 
inoculated stalks showed distinct rotting of the parenchyma tissue, 
particularly the stalk in figure 9, B, which was inoculated with culture 


Figure 9. — Pythium stalk rot on inbred C. I. 6, yellow dent corn, grown at the 
Arlington Experiment Farm. Inoculated August 12, 1940, with cultures of 
Pythium hutleri isolated from stalk rot; photographed September 9, 1940. 
A, Wounded, uninoculated; B-E, inoculated with cultures 40-G-4c, 40-F-lai, 
40-Gr~5b, and 40-F-3, respectively. 


40“G--4c isolated from C. I. 6, and that in figure 9, which was 
inoculated with culture 40“F“3 isolated from Kl 67. The latter 
stalk easily yielded to pressure, and there was little tissue left except 
the vascular bundles and part of the outer rind. All three plants 
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inoculated with culture 40-G-5b (fig. 9, D) showed typical water- 
soaked rotting and brown margins. Although the infection did not 
progress far enough for the plants to fall over, they were so weakened 
that the rind easily yielded to pressure. All three plants inoculated 
with culture 40-F-lai (fig. 9, O also showed typical rotting. There 
was no putrid odor from the infected tissue in any of these plants. 
Pythium butleri was reisolated from several of the rotted stalks. 

Seed of inbred C. I. 6 was planted in the field at the Arlington 
Experiment Farm early in August 1940. On September 12, when 
the plants were about 12 inches high, inoculations were made with 
13 isolations. Of six plants inoculated with each culture, two were 
uninjured and had the culture placed between leaf sheatb and stalk, 
two had the stalk scratched with a needle and the culture placed 
between leaf sheath and stalk, and two had cultures inserted into 
a scalpel wound in the stalk. No infection resulted in any of these 
inoculated plants, apparently because environmental conditions were 
unfavorable. For over a week following this inoculation, daily 
maximum temperatures were below 90° F. and there was no rainfall. 

Greenhouse Inoculations 

Inoculations in the greenhouse were made (1) to determine whether 
Pijthiurn butleri would produce a root rot of dent corn inbred lines 
similar to that caused by P. arrhenomanes as described previously,® 
(2) to obtain additional proof of the pathogenicity of the cultures of 
P. butleri isolated from the rotted stalks of dent corn described 
above, and (3) to test the relative susceptibility of inbred lines of 
dent corn to this species of Pythium. 

In all greenhouse inoculation tests, plants were grown in sterilized 
white sand, to which iron as iron magnetite, 1 part in 100 by weight, 
was added before sterilization. The plants were grown in 6-inch 
pots, washed before each test for 5 minutes in 1:50 commercial 
formaldehyde solution, and watered with a nutrient solution, as 
described * in a previous publication.® Greenhouse benches were 
sprayed with the formaldehyde solution. The seed was rinsed in 
alcohol and held for 10 minutes in a 1:1,000 mercuric chloride solu- 
tion, rinsed, and germ.inated in Petri dishes on wet filter paper. 
After planting, the seedlings were allowed to grow for several days 
before inoculation or until they were well established. 

The first test was begim November 30, 1940. In this test, the sand 
in 40 pots containing plants of inbred C. I. 6 was inoculated by 
placing centimeter squares of agar cultures near the edge of the pot, 
on opposite sides of the plant. Four cultures were used, 40-F-3 and. 
40-~F-lai, isolated from inbred K167, and 40-G“5b and 40“-G”4c, 
isolated from inbred C. I. 6. Ten pots were inoculated with each 
culture, and corresponding sterile agar was added to the sand in 
10 control pots. Weekly measurements of height showed the same 
increase in inoculated and control plants. On December 16, when 
the sand was washed from the roots, there was no evidence of root 
rot. Daily m.aximum temperatures in the greenhouse during this 
period ranged from 78^ to 104° F. 

In May 1941, a second test for root rot was made by similar sand 
inoculations of 13 inbred lines of dent corn. All seedlings, after 

8 Elliott, C. relative susceptibility to pythium boot rot of twelve dent corn inbreds Jour 
Agr. Res. f)4 : 711-723, iHus. 1942. 
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being transferred from Petri dishes to sand April 26, had grown for 
2 weeks on the same greenhouse bench. Daily maximum temperatures 
in the greenhouse at Arlington Experiment Farm during the experi- 
ment for May and June 1941 are given in figure 10. 

The results agree with those of the previous test. The mean heights 
of the plants of all 13 inbreds on May 12, when the inoculations were 
made, were as follows; Uninoculated, 32.8 cm.; inoculated, 35.1 cm. 
At the end of the experiment the respective means were 111.2 and 
118.2 cm. Rates of growth were not retarded by the inoculation, 
and when the sand was washed from the roots, more than 4 weeks 



MAY JUNE 

Figure 10. — Daily maximum temperatures in the greenhouse at the Arlington 
Experiment Farm during May and June 1941. 

after inoculation, there was no evidence of root rot in any of the inbred 
lines. 

Another test for root rot was made during the summer of 1941, 
On June 27, 13 inbred lines were grown in sand cultures and inoculated 
by placing cultures of 40-G-4c in the sand on opposite sides of each 
plant. Four pots of each were inoculated, and two of each were 
used as controls. Plants in inoculated sand grew as well as those in 
uninoculated sand, and when the sand was washed from the roots, 
August 4, there was no evidence of root rot. Roots in both inoculated 
and control plants were abundant and not discolored. 

Direct inoculations of corn plants in the greenhouse to test the 
pathogenicity of fungus isolations from stalk rot were begun Decem- 
ber 7, 1940. Five plants were inoculated with each of four cultures 
by placing pieces of agar cultures inside the lower leaf sheath. So 
far as could be observed, the plants had not been wounded. The 
results of this inoculation are given in table 3. Daily maximuni 
temperatures in the greenhouse at Arlington Experiment FairM 
during the experiment, December 7 to 17, were 82'', 98^, 94"^, 93°, 

5010 ^ 5 — 4 . 2—3 
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90°, 96°, 104°, 90°, 94°, 100°, and 97° F., respectively. Four days 
after inoculation, three plants inoculated with culture 40-F-3 de- 
veloped stalk rot near the point of inoculation and fell over. One 
plant inoculated with culture 40-F-lai had fallen over. Five days 
after inoculation, all five plants inoculated with culture 40-F-3 
and two inoculated with each of the other three cultures had rotted 
and fallen. None of the five controls becanae infected. 

Figure 11 shows the results of the test just described. Apparently 
Pythium butleri is able to penetrate unwound ed stalk tissue. 



Figure 11. — Stalk rot of inbred C. I. 6, yellow dent corn, grown in sand plus 
nutrient solution in the greenhouse at the Arlington Experiment Farm. In- 
oculated December 7, 1940, with Pythium hutleri, cultures (A) 40~F~3, (B) 
40-G-5b, (C) 40~F~lai, and (D) 40-Gr-4c, respectively, isolated from rotted 
stalks. Ei Uninoculated control. Photographed December 12, 1940. 

Table 3. — Results of greenhouse inoculations of inbred C. I. 6, yellow dent corn^ 
grown in sand plus nutrient solution^ with cultures of Pythium butleri isolated 
from stalk rot at Arlington Experiment Fai'm 


[Inoculations made without wounding plants, December 7, 1940] 


Culture No. 

1 Plants— 

Inoculated 

Fallen over— 

Dec. 11 

, , 

Dec. 12 

40-F-3 . 

Number 

5 

5 

5 

5 

5 

i 

Number | 
3 

0 

1 

0 

0 

Number 

5 

2 

2 

■2' 

0 

40--G~5b 

40-F-lai 

40-G-4e ..... 

Controls. . 



On June 6, 1941, 13 inbred lines of dent corn were inoculated to 
test the pathogenicity of culture 40-G-4c and to obtain information 
pri possible differences in susceptibility to SiU&ck hj Pythium butleri. 
pive plants of each inbred were inoculated by inserting mycelium 
into the stalk 1 to 2 inches above the soil line. Similar incisions were 



Jan. 1, 1943 


A Pythium Stalk Rot oj Gom 


35 


made in 5 control plants of each inbred. The results are given in 
figure 12, ^ and 5, and in table 4. 

Maximum greenhouse temperatures for June 6, 7, 8, and 9 were 
98°, 96°, 97°, and 94° F., respectively, and the humidity was high. 
On June 9, 3 days after inoculation, all but 8 of the 65 inoculated 



Figure 12. — Thirteen inbred lines of dent corn, grown in sand plus nutrient 
solution; planted April 26, 1941. A, Stalks wounded at base June 6, 1941, 
but not inoculated; photographed June 9, 1941. B, Plant inoculated June 
6, 1941, by wounding and inserting Pythium butleri into lower internode of 
stalk; photographed June 9, 1941. (Plants at farther end of bench were not 
inoculated.) 

plants had fallen over. The stalk tissue was water-soaked and rotted 
for 1 to 2 inches around the point of inoculation. The attendant 
who watered the plants over the week end said they were lying flat 
on the bench on Sunday, only 48 hours after inoculation. All^^ 
inoculated plants were cut lengthwise to determine the extent of 
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rotting. Only 1 inbred, 111. Hy., showed any marked resistance- 
In this line, only 1 plant in 5 fell over and rotting around the point 
of inoculation was very limited. In Ky. 13, 3 out of 5 plants fell 
over, and likewise 4 out of 5 plants of 111. R4 and la. L3l7. Five 
inbreds were A’’ery susceptible. 


Table 4. — Inbred lines of deni corn inoculated June 6, 1941 ^ with Pythium butler i, 
culture 40 ~G- 4 c, to determine dijferences in susceptibility to stalk rot 



Plants— ■ ; ■ | 


Inbred— 

Inocu- 

lated 

Fallen 
over 
June 9 

With 

stalk 

rot 

Reaction to inoculation 

C. I. 6: 

Number 

5 

Number 

5 

Percent 

100 

Very susceptible.^ 

Control 

5 

0 

0 

Ill.Hy.: 

5 

1 

20 

Resistant. 

Control-,. - 

5 

0 

0 

C. I. 540: 

Inoculated : 

5 

5 

100 

Susceptible. 

Control --- 

5 

0 

0 

C. I. 5: 

Inoculated 

5 

5 

100 

Moderately susceptible. 

Control 

5 

0 

0 

la. L289: 

Inoculated 

5 

5 

100 

Very susceptible. 

Control 

5 

0 

0 

la. Mc401: 

Inoculated 

5 

5 

100 

Very susceptible. 

Control-. . . - - 

5 

0 

0 

Ky. 13: 

Inoculated 

5 

3 

60 

Moderately susceptible. 

Control - 

’ 5,1 

0 1 

0 

C. LI: 

Inoculated 

5 

5 

100 

Very susceptible. 

Control 

5 

0 

0 

111. R4: 

Inoculated 

5 

4 

80 

Moderately susceptible. 

Control - 

5 

0 

0 

C. 1.4-8: 

Inoculated 

5 

5 

100 

Susceptible. 

Control. - 

6 

0 

0 

la. L317: 

Inoculated 

5 

4 

80 

Moderately susceptible. 

Control 

5 

0 

0 

Ind. Tr.: 

Inoculated-. 

5 

6 

100 

Very susceptible. 

Control ... 

5 

0 

0 

Ia.B1 345: 

Inoculated „ 

: 5 

5 

100 

0 

Susceptible. 

Control 

5 

0 





1 Very susceptible = rot spreading throughout the stalk and into the growing point; no sharp line of de- 
marcation between rotted and healthy tissue. Susceptible = rot spreading beyond inoculated internode, 
but sharp line between infected and healthy tissue. Moderately susceptible = rotting mostly confined 
to inoculated internode. Kesistant=very limited rotting around point of inoculation. 

On July 29, 1941, a limited number of plants of the same 13 inbreds 
were inoculated with culture 40-G-4c, to test further differences in 
susceptibility and to test again the ability of the fungus to infect 
uninjured as well as injured stalk tissue. This experiment was 
discontinued August 4, 6 days after the inoculations were made. 
The results are given in table 5. 

Daily maximum greenhouse temperatures during the period July 
29 to August 4, 1941, were 91'', 96°, 100°, 100°, 100°, 102°, and 102° 
F. , respectively . In spite of these temperatures, conditions apparently 
were less favorable for infection than in the previous test; infection 
developed less rapidly and differences between inbreds were somewhat 
more apparent. 111. Hy. and Ky. 13 again were the most resistant 
uibreds. While none of the plants of C. I. 6 fell over, sections of 
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inoculated stalks showed definite internal rotting. Infection de- 
veloped most rapidly in G. I. 540, C. I. 5, la. L289, and C. I. 1; 
C. I. 4""8 and Ind. Tr. were almost as susceptible. Infection again 
developed without wounding. 


Table 5. — ResiiUs of greenhouse inoculations of 13 inbred lines of dent corn with 
Pythium buileri, culture 40-G-4c, July 29, 1941, Arlington Experiment Farm 




Plants— 



Inbred and method of inoculation i 

Inocu- 

Rotted and fallen over— 

Remarks 


lated 

3d day 

4th day 

6th day 


C. I. 6: 

Inoculated: 

Number 

Number 

Number 

Number 

Internode water-soaked in- 

Wounded., 

1 

0 

0 

0 

Not wounded.. 

3 

0 

0 

0 

side. 

Control-. 

2 

0 

0 

0 


111. Hy.: 

Inoculated: 

Wounded 

2 

0 

0 

0 

Brown rot M mch around 

Not wounded — 

3 

0 

0 

0 

inoculation, . 

Control... - - 

1 

0 

0 

0 


C.I. 540: 

Inoculated: 

Wounded 

1 

0 

1 

1 


Not wounded — --- 

3 

1 

1 

1 


Control 

2 

0 

0 

0 


C. I. 5: 

Inoculated: 

Wounded 

1 

1 

1 

1 


Not wounded 

3 

0 

0 

0 


Control.. — 

2 

0 

0 

0 


la. L289: 

Inoculated: 

Wounded 

1 

1 

1 

1 


Not wounded — 

3 

0 

0 

1 


Control 

2 

0 

0 

0 


la. Mc401: 

Inoculated: 

Wounded — •- 

1 

0 

0 

■ 

1 


Not wounded 

3 

0 

0 

0 


Control.. 

2 

0 

0 

0 


Ivy. 13: 

Inoculated: 

Wounded 

1 

0 

0 

0 

Brown rot H inch around 

Not wounded 

3 

0 

0 

0 

inoculation. 

Control 

2 

0 

0 

0 


C.I. 1: 

Inoculated: 

Wounded.. 

1 

1 

1 

1 


Not wounded 

3 

0 

0 

0 


Control 

2 

0 

0 

0 1 


111. K4: 

Inoculated: 

Wounded 

1 

■ ■ ■ i 

0 

■ 

0 

i 

■ 1 


Not wounded 

3 

0 

0 

0 


Control 

2 

0 

0 

0 


C.I. 4-8: 

Inoculated: 

Wounded 

1 

0 

1 

1 


Not wounded 

3 

0 

0 

0 


Control 

2 

0 

0 

0 


la. L317: 

Inoculated: 

Wounded 

1 

0 

0 

0 

Rotted 1 inch around in- 

Not wounded- 

3 

0 

0 

1 

oculation. 

Control - 

2. 

0 

‘ 0 

0 


Ind. Tr.: 

Inoculated: 

Wounded.. 

1 

0 

1 

1 


Not wounded 

3 

0 

0 

0 


Control- 

2 

0 

0 

0 


la. B1 345: 

Inoculated: 

Wounded 

1 

0 

0 

0 


Not wounded- ...... 

2 

0 

0 

1 


Control ....... 

0 

0 

0 

0 



1 In each ease the wounded inoculated plants had mycelium introduced into an incision in their stalks, 
and the unwounded ones had it placed between the stalk and lower leaf sheath. 
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On September 9, 1941, Pythium butleri, culture 40-G-4c, isolated 
originally from inbred C. I. 6, was used to inoculate cucumber 
(Cucumis sativus L.), and three kinds of squash {Cucurhita peyo L.), 
namely, crookneck, Patty Pan, and Vegetable Marrow, in evaporating 
dishes in the laboratory. The two latter had very young tender 
tissue; the two former, rather old and hard tissue. Incisions were 
made in each specimen and pieces of mycelium were introduced 



riGURB lZ.~Pythium butleri, culture 40-G-4c. on cucumber, Patty Pan sauash 
crookneck squash, and Vegetable Marrow. Inoculated September 
photographed September 11, 1041. September 15, 1941, all four were covered 
with an abundant mass of white mycelium. coverea 


Maximum temperatures m the laboratory on September 9 and 10 

24 hours both 

squash and Vegetable Marrow showed water-soaked areas 
around the point of inoculation. Two days after inoculation these 
two squashes were almost covered with a cottony white mass of 
mycelium (fig 13) similar to that described and illustrated by Drechs^ 

m ^ mycelium had broken out in several 

places for 2 mches around the moculation on cucumber. Six days 

® See footnote 5. “ 
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after inoculation, all four specimens were practically covered with an 
abundant growth of white mycelium. 

CONTROL 

Inasmuch as the disease developed only on certain corn iiibreds in 
the nursery and not on inbreds in alternating rows, and as inoculations 
have shown that some inbreds are more resistant to infection than 
others, it seems that the best means of control is through the use of 
resistant strains. 

Because of the exacting thermal requii'ement of Pythium butleri^ 
it seems probable that this stalk rot may be of importance only in the 
southern parts of the Corn Belt. 

SUMMARY 

Stalk rot of two inbred lines (K167 and C. I. 6) of yellow dent 
corn (Zeamays) was observed in the field at the Arlington Experiment 
Farm in late July and early August 1940. The rotting in the larger 
plants was limited to one or more of the internodes above the brace 
roots. Infected plants fell over but remained green and turgid 
for several days. The infection becam.e apparent after a period of 
hot humid weather. Successful inoculations with cultures isolated 
from this stalk rot were made during periods of high tempei^ature 
and high humidity, but inoculations made when the temperature 
was lower produced little or no infection. 

Pythium butleri Subr. was isolated from the rotted internodes and 
the disease was reproduced on inbred C. I. 6 in the field and in the 
greenhouse by inoculations with this fungus. Infections developed 
on both wounded and unwounded inoculated stalks. 

Greenhouse inoculations on inbred C. I. 6 and on 12 other inbred 
lines of dent corn showed that some lines were more resistant than 
others. C. I. 5, la. L289, C. I. 1, and C. I. 540 were susceptible, and 
111. Hy. and Ky. 13 were resistant. 

In greenhouse inoculations, Pythium butleri did not attack the corn 
roots. 

Cultures of Pythium butleri isolated from rotted cornstalks rapidly 
rotted squas.hes and cucumber and covered them with a cottony mass 
of white mycelium, typical of this fungus. 

What appeared to be the same disease occurred in a commercial 
field of hybrid corn near Petersburg, Va., August 1941. 




FURTHER STUDIES ON INTERSPECIFIC GENETIC 
RELATIONSHIPS IN LACTUCA ^ 

By Ross C. Thompson ^ 

Associate horticulturist^ Division of Fruit and Vegetable Crops and Diseases, 

Bureau of Plant Industry, Agricultural Research Administration, United States 

Department of Agriculture 

INTRODUCTION 

In an earlier paper, Thompson, Whitaker, and Kosar ^ reported 
on some genetic relationships between certain species of the 9-chromo- 
som.e and of the 17-chromosome group of the genus Lactuca. Whitaker 
and Thompson^ presented data on some cytological aspects of these 
same species. In the first of these papers mention was made of 2 of 
the 8-chromosome species, but no compatibility relationships were 
presented. The present paper shows some of the compatibility rela- 
tionships found to exist between certain of the 8-chromosome species 
and species of the 9- and 17-chromosome groups. The studies on 
species relationships were undertaken for the purpose of isolating 
genetic factors for resistance to certain lettuce diseases, aster yellows 
in particular, and factors for hardiness and of determining the extent 
to which the species carrying such factors can be crossed with the 
cultivated form Lactuca sativa. This paper concludes certain phases 
of these studies and summarizes the contributions made to date. 

MATERIALS AND METHODS 

The original seed of the species used in the hybridization studies 
reported were obtained from the following sources: 

Eight-chromosome species: 

Lactuca bourgaei (Boiss.) Irish and Taylor, from England, through 
Division of Plant Exploration and Introduction. 

L. marschallii Stebbins, from Sweden, through G. L. Stebbins, Jr. 

L. cretica Desf., from Africa, through G. L. Stebbins, Jr. 

L. capensis var. duruensis De Wild., from Belgian Congo, through G. L, 
Stebbins, Jr. 

1 Received for publication May 21, 1942. 

- The writer is indebted to G. L. Stebbins, Jr., Department of Genetics, University of California, for seed 
and for identification of some of the species; to S. F. Blake, of the Division of Plant Exploration and Intro- 
duction, Bureau of Plant Industry, for identification of some of the species and for verification of the botanical 
names; to the Division of Plant Exploration and Introduction for supplying seed of some of the foreign 
species; and to T. W. Whitaker, U. S. Department of Agriculture Horticultural Field Station, La Jolla, 
Calif., for the results presented in table 1 on the attempted crosses between the 8-chromosome species 
Lactuca capensis and 5 species representing the 8-, 9-, and 17-chromosome groups. 

3 Thompson, R. C., Whitaner, T. W., and Kosar, W. F. interspecific genetic relationships in 
LACTUCA. Jour. Agr. Res. 63:91-107, illus. 1941. 

^ Whitaker, T. W., and Thompson, R. C. cytological studies in lactuca. Torrey Bot. Club BuL 
68:388-394, illus. 1941. 
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Nme>chromosoine species: 


L. tatarica (L.) C. A, Mey., from Cap d’Antibes, France, through G. L. 

Stebbins, [Jr. ^ 

L. indica L., from China, through Division of Plant Exploration and 


jiiiruuuotJiuu. 1 

L. raddeana Maxim., from Union of Soviet Socialist Republics, through 
Division of Plant Exploration and Introduction. 

L, squarrosa (Thunb.) Miq.,^ from Asia, through Division of Plant 
Exploration and Introduction. 

L. perennis L., from Wayside Gardens, Mentor, Ohio. 

L, serriola L., collected in District of Columbia. 

L. saZi^na L., from Ohio, through G. L. Stebbins, Jr. 

L. virdsaL., from Surrey, England, through Division of Plant Explora- 
tion and Introduction . 

L, saliva L., from private stocks. 


Seventeen-chromosome species: 

L. canadensis L., collected in Maryland. ^ 

L. s'picata (Lam.) Hitchc., collected in Virginia. 

L. floridana (L.) Gaertn., collected in Maryland. 

L. ' graminifolia Michx., from South Carolina, through the late J. B. 
Norton. 


All the parent and hybrid plants were grown in lO-inch clay pots 
under parti}' controlled conditions in a closely screened greenhouse at 
Beltsville, Md. 

Except in the case of Laduca tatarica, which was entirely self-sterile 
under the conditions prevailing in the greenhouse, flower heads of the 
maternal parents w ere depollinated with water. Pollen from the desired 
male parent was transferred by touching the pollen-laden stigmas and 
styles to the washed stigmas of the female flowers. Ten or more 
flower heads were pollinated in each attempted cross. 

RESULTS 


The results obtained from crosses attempted between the 8-chromo- 
some species and species of the 8-, 9-, and 17-chromosome groups are 
presented in table 1 . 

Table 1. — Summary of data on interspecific hybridization of some 8-chromosome 
species with certain 5-, and 17 -chromosome species of Lactuca ^ 



Results of cross 

Fertility of Fi 

Species and number of chromosomes 

Cross as 
indicated 

Reciprocal 

Cross as 
indicated 

Reciprocal 

L.bourgaei {%) X\ 

L. tatarica (9) 

0 

T 


S ' 

L. indica (9)--.^ 

0 

0 



L. squarrosa (9) 

0 

0 



L, raddeana (9) . 

0 

0 



L. perennis (9) . 

0 

N 



L. serriola (9) . 

0 

0 



L.virosa(9). , . 

0 

0 



L.saligna (9) 

N 

0 



X, sativa (9)„.., ..... 

0 

0 



L. canadensis (17) _ . „ _ . 

N 

T 


S 

L. spicata (17) ..... 

N 

T 


U 

L, graminifoUa (17)..,.. 

N 

T 


; s, . 

L. florUana (17),.,.^.,. . 

N 

0 


'L. marschallii (8) 

T 

T 

F 

F 

L, cretica (S) . , 

0 

0 



See footnotes at end of table. 


s Called Lactuca ladniata in the paper cited in footnote 3. The writer has been informed by S. F. Blake 
and G, L. Stebbins, Jr., that the species formerly called L. Zacmiafa should be classified as L. sguarrom. 
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Table 1— Summary of data on interspecific hybridization of some 8-chromosome 
species with certain 8-, 9-^ and 17-chromosome species of Lactuca ^ — Continued 


■■ i 

Results of cross 

Fertility of Fi 

Species and number of chromosomes 

Cross as 
indicated 

Reciprocal 

Cross as 
indicated 

Reciprocal 

i ; ' . 

L. marschallii id) X- 

L^indkaiQ) .. _ 

0 

0 




0 

0 




0 

0 




0 

iV 




0 

0 



Ij. virosa (9) 

0 

0 



L. saligna (9) . . 

0 

0 



L, sativa (9) - 

0 

0 



L. canadensis (17) 

0 

N j 



L. graminifolia (17) 

N 

T 


■ S 

L. floridana (17) . . . 

N 

T 



L. cretka (8) X : 

L. tatarica (9) _ - . 

i 

T 

T 



L. indica (9) 

0 

0 


L. squarrosa (9) _ J 

0 

0 



L. raddeana (9) J 

0 

0 



L. perennis (9) 

0 

0 1 



L. serriola (9).. 

0 

0 



L. virosa (9).- 

0 

0 



L. saligna (9).,- 

0 

0 



L, sativa (9) . 

0 

0 



L. canadensis (17) 

0 

N 

... 


L, graminifolia (17) 

0 

N 



L. floridana (17) 

0 

N \ 



L, spicata (1'7) ..- 

0 

N \ 



L. capensis (8) K : ^ 

L. creiica (8) - . . 

0 

A" 1 



L. sativa (9) 

0 

N I 



L. virosa (9) 

0 

N 



L. perennis (P)™. 

0 

N 



L, graminifolia (17) 

0 

N 
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1 Key to letter symbols: 

F, the hybrids obtained were self-fertile, 

N, the cross was not attempted. 

O, the cross was attempted but failed. 

S', hybrids obtained were self-sterile. 

T, hybrid seedlings were obtained. 

C7,the fertility of this hybrid is not yet known. 

2 Data furnished by T. W. Whitaker. • 

In the investigations reported herein, 69 crosses were attempted 
between the 8-chromosome species and species with 8, 9, or 17 chromo- 
somes; 25 of these were reciprocal crosses. Hybrids were obtained 
in only 8 of the 44 intespecific matings. All of these hybrids were 
self-sterile except those from the cross between the two 8-chromosome 
species, Lactuca bourgaei X L. marschallii, which were highly fertile, 
and the one from L. spicata X L. bourgaei, which had not produced 
flowers 9 months after germination. In 2 cases the hybrids obtained 
were from crosses between 8- and 9-chromosome species and in 5 cases 
from crosses between 8- and 17-chromosome species. Although in a 
few cases reciprocal hybrids were obtained, study was made only on 
plants from 1 group, as indicated by the order in which the species 
names are given in the discussion of each hybrid. 

CROSSES BETWEEN EIGHT-CHROMOSOME SPECIES 
Lactuca bourgaei (8) X L. marschallii (8) (fig. 1, A).— Reciprocal 
crosses between these two species were easily obtained, and fertile 
progenies resulted in both cases. The similarity of these two forms 
in many of their morphological characters combined with their breed- 
ing behavior indicates that they should be considered as varieties of 
the same species. 




,QUHB 1. -Representative rosette leaves of various Fi Laduca hybrid 
parents. In each group a indicates the female parent, b the hybrid 
^le parent. A,L.hourgaei X L. marschallii; B, L. atarica X L. b, 
JL canadensis X L. hourgaeij D, L. spicata X L. bourgaei; E, L. g, 

^ L. marschaUUrG, L. gra^rdj 
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CROSSES BETWEEN EIGHT- AND NINE-CHROMOSOME SPECIES 

Lactuca tatarica (9) XL. bourgaei (S) (fig. 1, B ). — Hybrid seed was 
easily obtained from these 2 species when pollen of L. bourgaei was 
applied to the heads of L. tatarica. A population of 25 Fi plants was 
grown, and all were completely self-sterile. There w^ere some minor 
morphological variations among the Fi plants. 

The hybrid plants were in many respects intermediate but in general 
appearance resembled Lactuca tatarica much more than L. bourgaei. 
They did not exhibit marked hybrid vigor. Most of them attained a 
greater height than either parent but were not extremely large in any 
of their characters. All of them sprouted from the base and from the 
roots as does L. tatarica. The flower heads were a little larger than 
those of either parent; the corolla color was a light blue, intermediate 
between those of the two parents, both of which have blue flowers. 

Lactuca tatarica X L. cretica (8). — From seed developing from 
flowers of L. tatarica pollinated with pollen from L. cretica were ob- 
tained 17 hybrid plants, all of which were entirely self-sterile. In 
general appearance the hybrids resembled L. cretica more than L. 
tatarica. The leaves were smaller than those of L. tatarica, and the 
plants were very short-stemmed like those of L. cretica. None of the 
hybrid plants reached a height of more than a foot, and all showed 
marked lack of vigor. The flowers were larger than those of L. 
tatarica but did not develop the large robust heads characteristic of 
L. cretica. The spread of the corolla approximated that of L. cretica. 
The petals were a very light shade of blue, much lighter than is typical 
for L. tatarica. L. cretica has yello’W flowers. 

CROSSES BETWEEN 8- AND 17-CHROMOSOME SPECIES 

Lactuca canadensis (17) X L. bourgaei (8) (fig. 1, 0 ). — Several flower 
heads of L. canadensis were pollinated with pollen from L. bourgaei. 
Seven hybrid plants were obtained from the seed resulting from the 
cross pollinations, and all seven were entirely self-sterile. 

The hybrid plants were intermediate between the two parents in 
many respects but in general appearance resembled small plants of 
Lactuca canadensis more than L. bourgaei. The hybrids lacked vigor, 
but all seven of them developed through the flowering stage. The 
plants reached about the same height (about 5 feet) as plants of L. 
bourgaei growing in the same greenhouse. Plants of L. canadensis in 
the same house reached a height approximately twice that of X. 
bourgaei and of the hybrids. 

The flowers of the hybrids were a little larger than those of Lactuca 
canadensis dihoxit the same shade of yellow. The yellow color of 
the corolla of these hybrids is contrary to expectation, since in all 
other interspecific hybrids studied yellow corolla color has been reces- 
sive to any shade of blue. These two species differ in many morpho- 
logical characters, and distinct characteristics of both species were 
discernible in the hybrids. However, there is an element of doubt 
in regard to these hybrids. 

Lactuca spicata {17) X L. bouj^gaei (8) (fig. 1, D). — Crosses betw^een 
these two species were difficult to effect. Nine plants growm from 
seed obtained by applying pollen of L. bourgaei to w’^ashed flower 
heads of L. spicata consisted of eight selfed L. and one large 

vigorous hybrid. In the rosette stage the hybrid plant showed marked 
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liybrid vigor. This plant seemed to have a biennial or perennial 
habit; as it failed to develop a seed stem during the first season; 9 
months after the seed was germinated there was no evidence of stem 
elongation. 

Lactuea graminifolia (17) X L, bourgaei (8) (fig. 1, i?).— From flower 
heads of L. graminiiolia pollinated with pollen from L. bourgaei j 31 
seeds were obtained. In a population of Fi plants from the 31 seeds 
there were 13 that were obviously seifed and 13 hybrids; of which 11 
appeared to be normal and 2 were weak abnormal plants that died in 
the seedling stage. Five seeds failed to germinate. The 11 hybrid 
plants that appeared to be normal were grown to maturity; and all 
were completely self-sterile. 

The hybrid plants showed some hybrid vigor, reaching a height of 
about 7 feet, wliile the Lactuca graminifolia plants in the same en- 
vironment averaged about 2% feet and the L. bourgaei plants about 4 
feet. In general appearance the hybrids resembled L. graminifolia, 
much more than L, bourgaei. In size the flowers were intermediate 
between those of the two parent species. The color of the corollas 
was a shade of bluish purple, which is intermediate between the 
corolla colors of the two parents. 

Lactuca floridana (17) X L. wmschallii (8) (fig. 1, F). — Five seeds 
were obtained from flower heads of L. floridana to which pollen of L. 
marschallii was applied. All but one of these proved to be seifed L. 
floridana. The one hybrid was a fairly vigorous plant that reached a 
height of b]{ feet at maturity. In general appearance it resembled L. 
floridana. Plants of L. floridana reached a height of about 7 feet and 
those of L. marschallii about 4 feet in the same environment in which 
the hybrid w'as grown. The flowers were intermediate in size, and 
the color of the corolla was blue, intermediate between those of the 
parents. The hybrid was completely self-sterile. 

Lactuca graminifolia (17) X A. marschallii (8) (fig. 1, G). — Crosses 
between these 2 species w^ere easily effected w^hen pollen of L. marschal- 
lii was applied to washed stigmas of L. graminifolia. Thirty-two 
normal hybrids wrere obtained from an Fi population of 44 plants. 
There were no weak freakish hybrids from this cross. Eleven of the 
32 hybrids were grown to maturity, and all were completely self- 
sterile. 

The hybrids were quite uniform in appearance and resembled the 
Lactuca graminijolia parent more than L. marschallii. These plants 
reached an average height of about 7 feet as compared with 4 feet 
for X. marschallii and 2)i feet for X. graminijolia plants in the same 
environment. The flowers were intermediate in size. The corollas 
were a bluish pnrple, in4eimediat^^ those of the two parents, 

both of which are blue-flowered. 

DISCUSSION 

One of the contributions of the present study is the revelation of 
the compatibility of the chromosome complements of certain of the 
8-chromosome species with the complements of at least 1 of the 9- 
chromosome species^and of 4 of the 17-chromosome species of Lactuca. 
Probably the most important fact demonstrated is the compatibility 
relationship shown to exist between the 9-chromosome species X. 
tatarica, h member of the indica group, and the two 8-chromosome 
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species i. bourgaei and L. cretica. These last 2 species are generally 
classified taxonomically in separate subgenera, Mulgedium and Ser- 
noZa, respectively. 

Although the Fj hybrids of Lactuca iatarica X L. bourgaei and i. 
tatarica X L. cretica were in both cases completely self-sterile, the 
development of Fi hybrids that grew through to flower production as 
quite normal plants shows that the genoms of at least some of the 
eight- and nine-chromosome species of Lactuca are compatible enough 
to function harmoniously throughout somatic development. 

It has been reported® that the 9-chromosonie Lactuca tatarica differs 
from the 8-chromosome forms L, bourgaei and L. murschallii chiefly in 
the addition of a small pair of medianly constricted chromosomes. 
Root-tip smears of both of the hybrids showed 17 somatic chromo- 
somes. This is substantial evidence in support of the genei'ally 
accepted hypothesis that the 17 chromosome species of the genus 
Lactuca had their genesis in hybrids between 8- and 9-chromosome 
forms. 

If some condition should cause chromosome doubling in either of 
these 2 hybrids, an artificial 17-chromosome form would residt. It is 
not suggested that the species employed in obtaining the 2 above- 
mentioned hybrids are necessarily the forms that may have entered 
into the origin of the present 17-chromosome species. Neither of the 
hybrids obtained between 8- and 9-chromosome species closely re- 
semble any of the 17-chromosome species with which the writer is 
acquainted. Although the species used are probably not the ones 
most likely to have entered into the origin of the 17-chromosome 
species, the compatibility shown by the development of normal Fi 
hybrid plants indicates the possibility of the 17-chromosome forms, 
having come into existence through such hybrids. 

In the previous pa.per ^ it was shown that compatibility exists be- 
tween certain of the 9-chromosome species of the indica group and 
some of the 17-chromosome species. The results of the present 
studies show that compatibility relationship also exists between some 
of the 8-chromosome species and these same 17-chromosome forms, 
Lactuca canadensis, L. spicata, L. gramimfolia, and L, jloridana. 
Normal hybrid plants were obtained from crosses of L. bourgaei with 
L. canadensis, ^ L. spicata, and L. graminijolia and from crosses of i. 
marschallii with L. graminijolia and L. jloridana. In all of the 5 
crosses the 17-chromosome form was used as the maternal parent. 

In the previous paper ^ were presented data that showed a . close 
relationship between the 4 above-named 17-chromosome species. 
Additional data have been recorded since that report. Partly fertile 
lines have been obtained from the following crosses: Lactuca canadensis 
X L, graminijolm,^ L. canadensis X L, spicata, L. canadensis X. L, 
Aoridana, L. graminijolia X L. jloridana, and a 3-species hybrid in 
which an Fs selection from tne L. canadensis X L, fioridana hybrids 
was crossed onto L, graminijolia. The first 2 and the last of these 5 
hybrids are almost completely self-fertile. The other 2 are only 
partly fertile. These results indicate a closer relationship between 
these 4 spe cies than their taxonomic classification m^ight suggest, 

^ 6^Babcock, E. B., Stebbins, G. L., Jr., and Jenkins, J. A, chromosomes and phylogeny in 
GENERA OF THE CREPiDiNEAE. Cytologia Fiijii Jubilaei Volumen, pt. 1, pp. 188-210, illus. 1937. 

7 See footnote 3. 
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since X. canadensis and graminifolia are placed in the subgenus 
Serriola and i. spicata m,A L, floridana in tne siibgemm Mulgedium. 

Many attempts to cross the eight-chromosome species iMctuca 
bourgaei, X. marsckallii, and X. cretica with the nine-chromosome 
species of the serriola group failed. The results obtained indicate 
that these three eight-chromosome forms are more closely related to the 
nine-chromosome' species of the vndica group than to the nine chromo- 
some species of the serriola group. 

The data presented in this and the previous paper suppoit the 
following conclusions: The serriolalike 9-chromosome species Lactuca 
serriola, '~L, virosa, L. altaica, X. saligua, X. sativa, imd closely related 
species constitute a compatibility group not closely related genetically 
to the 9-chromosome species of the indica group, X. indica, L. squar- 
rosa, X. tatarica, and X. raddeana, or to any of the 8- and 17-chromo- 
some species studied. This group of species seems to stand apart 
from the other groups of species. The species of the indica group 
listed above form a compatibilitjT- group among themselves and show 
compatibility with some of the 8- and 17-chromosome species studied. 

The results of these matings show that the genoms of the 8-chromo- 
some Lactuca bourgaei and the 9- chromosome X. tatarica are compatible 
to the extent of acting harmoniously together in the somatic develop- 
ment of hybrids between the 2 species. Moreover the genoms of each 
of these 2 species are capable of existing harmoniously in the somatic 
development of hybrids between each of them and at least three of 
the four 17-chromosome species studied, X. canadensis, X. spicata, 
and X. graminifolia. X. tatarica was also successfully mated with X. 
floridana. 

No hybrids were obtained from any of the attempted crosses be- 
tween the 8-chromosome species Lactuca capensis and species of the 

8- , 9-, and 17-chromosome groups. 

SUMMARY 

The results are presented from 69 attempted crosses between 8-, 

9- , and 17-chromosome species of Lactuca: 25 of these were reciprocal 
crosses. 

Only 8 of the 44 one-way matings resulted in hybrids and only 1 of 
these Lactuca bourgaei X X. marschallii was fertile. No fertile hybrids 
were obtained from matings of 8-chromosome species with species of a 
different chromosome numbei', with the possible exception of L. spicata 
y, L. bourgaei. 

Somatic compatibility was found to exist between the chromosome 
complements of the 8-chromosome species when crossed with certain 
9-chromosome and with certain 17-chromosome species. 

Further evidence is presented to show that the serriola group, to 
which the cultivated form iaci^?/ca belongs, constitutes a com- 
patibility group not closely related to the other groups of species 
studied. 

Successful crosses between certain 8- and 9-Ghromosome species, 
although resulting in sterile hybrids, present further evidence in 
support of the hypothesis that the 17-chromosome species have come 
into existence through hybrids between 8- and 9-chromosome species. 
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EFFECT OF SOIL AND PEAT ADMIXTURES ON THE 
GROWTH OF PLANTS IN QUARTZ SAND ‘ 

By Philip L. Gile, senior chemist^ Division of Soil and Fertilizer Investigations, 
and Irvin C. Feustel, formerly associate chemist Division of Soil Chemistry 
and Physics, Bureau of Plant Industry y Agricultural Research Administration, 
hnited States Department of Agriculture 

INTRODUCTION 

In a previous publication {Sy it was shown that millet (Setaria 
italica (L.) Beauv.) does not grow so well in pure quartz sand as in 
quartz sand to which a little soil is added. Experiments indicated 
that the beneficial effect of the soil admixture is not due to supplying 
a trace^ element, to counteracting an injurious impurity in the sand", 
to modifying the texture of the sand, or to reducing a total salt injury. 

It was suggested that the beneficial effect of the soil is due to its 
buffer capacity and also to its capacity for supplying available iron. 
It seemed that the soil admixture should tend to prevent an injurious 
degree of acidity from developing in the layer immediately contiguous 
to the roots when the nutrient salts are such that the plant absorbs 
more cation than anion equivalents. In case the nutrient salts are 
such that the plant absorbs more anion than cation equivalents, and 
an alkaline reaction develops, the soil material should reduce the 
alkalinity and supply available iron. 

Since no attempt was made to determine the hydrogen-ion concen- 
tration in the water film immediately contiguous to the root, this 
explanation was not based on data directly determined. The idea 
was suggested by the results obtained when plants were grown in 
pure sand with mixtures of salts containing various proportions of 
nitrate and ammonium salts. As the proportion of ammonium in the 
fertilizer was increased, the acidity increased, and the yields declined 
in pure quartz sand but not in the sand-soil mixtures. When aU the 
nitrogen was supplied as nitrate, an, alkaline reaction developed in 
quartz sand, and the plants became chlorotic, owing to a reduced . 
absorption of iron. 

Hydrogen-ion determinations made at the end of the growth period 
on samples representative of all the material in the pot did not always 
support the conclusion that the soil addition acts beneficially by 
creating a more favorable hydrogen-ion concentration; since some 
sand-soil mixtures were more acid than the pure sand cultures. How- 
ever, it was pointed out that determinations of this character probably 
do not show the hydrogen-ion concentrations of the absorption films. 
Since the acidity or alkalinity is developed in the films by the non- 
equivalent absorption of cations and anions, there should be periods 
when the hydrogen-ion concentration in the films should be much 
higher or lo wer than that obtaining in the medium as a whole. 

1 Received for publication August 6, 1942. 

Now senior ebeinist, Western Regional Research Laboratory, Bureau of Agricultural Chemistry and 

Engineering, Agricultural Research Ad rinistration, XT. S. Department of Agriculture. 

3 Italic numbers in parentheses refer to Literature Cited, p. 64. 
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Since tlie foregoing explanation was suggested, additional sand- 
culture experiments have been conducted that throw some light on the 
beneficial effect of soil admixtures. These experiments are described 
here. 

METHODS 

Details regarding the pot experiments were as follows, except as 
otherwise noted. Glazed earthenware crocks without drainage holes 
were used as containers. They were of 1 -gallon capacity anxl held 
approximately 5,000 gm. of quartz san.d or sand-soil m'xture. Ten 
millet, or six or seven wheat {Triticum aestwum L.), plants were grown 
per pot for periods that ranged from 25 to 50 days, according to the 
season. When the millet plants were cut they were in the joint stage 
or the heads were about to appear. The water content of the sand 
or sand-soil mixture, determined by weighing, was maintained at 
15 percent by the addition of distilled water. The quantity of soil 
mixed with the sand varied with the colloid content of the soil. Unless 
specified otherwise, the soil addition was sufficient to supply 50 gm. 
of colloidal material per pot. The different mixtures of nutrient salts 
used in the following experiments are shown in table 1. Most data 
on the effect of soil admixtures were obtained with the standard 
mixture, No. 3. Nutrient salts, dissolved in 750 cc. of water to 
bring the sand to a 15-percent water content, were added just before 
planting. The quartz sand used in the experiments was made up 
chiefly of particles 1.0 to 0.5 mm. in diameter. 


Table 1. — Mixtures of nutrient salts used in sand cultures 


vSalt used in nutrient mixture 

Amount of salt applied per pot in mixture No.— 

1 

2 

3 

4 

5 


Gram 

Grarri 

Gram 

Gram 

Gram 

Potassium nitrate, KNO 3 



0. 93 

0. 93 

0 499 

Ammonium sulfate, (NH 4 ) 2 S 04 

0. 938 


.33 



Ammonium nitrate, NH 4 NO 3 


0. 57 


.20 


Calcium nitrate, Ca(N 03 ) 2 . 4 H 20 





1. 103 

Potassium sulfate, K 2 SO 4 


.82 




Potassium chloride, KCl : 

.685 





Magnesium sulfate, MgS 04 . 7 H 20 




.45 

45 

Magnesium chloride, MgCh.smO 

.42 

.42 

.42 



Monocalcium phosphate, Ca (H2P04)2.H20 

.36 

.36 

.36 

.30 


Dipotassium phosphate, K 2 HP O 4 - - - - 





. 25 

Monopotassium pho^hate, KH 2 PO 4 -- - 





.19 

Sodium chloride, NaC 1 

.05 

.05 

.05 

.05 

.05 

Ferric tartrate, Fe2(C4H406)3.H20_._ 

. 0185 

. 0185 

, 0185 

. 0186 

. 0185 

Manganese sulfate, MnS04.2H20 

.0015 

. 0015 

.0015 

.0015 

.0015 

.Boric acid, H 3 BO 3 

.003 

.003 

.003 

.003 

. 003 

Zinc chloride, ZnCl 2 - 

. 00013 

. 00013 

.00013 

.00013 

.00013 

Copper sulfate, CUSO 4 . 5 H 2 O 

.00047 

.00047 

.00047 

.00047 

.00047 


COMPAEATIVE YIELDS OF MILLET IN QUARTZ SAND AND IN A 
SAND-PEAT MIXTURE, AS INFLUENCED BY THE HYDROGEN-ION 
CONCENTRATION OF THE PEAT 

According to the ideas advanced, addition of soil to a quartz sand 
culture improves growth only through reducing the hydrogen-ion 
concentration where the nutrient salts are such that acidity is devel- 
oped. If this is correct, sand-soil mixtures containing nearly neutral 
soils should exceed the yields of pure sand cultures hy greater amounts 
than sand-soil mixtures containing acid soils of low buffer capacity. 
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This was true for the most part, although the correlation between the 
hydrogen-ion concentration of a soil and the magnitude of the increase 
it produced was by no means close. Probably there would have been 
a closer correlation if the data for different soils had been obtained in a 
single experiment instead of in many different experiments, since it 
was observed that the beneficial effect of a single soil varied consider- 
ably in different experiments, owing presumably to different conditions 
of light, temperature, and humidity. 

The following experiment shows that the beneficial effect of the soil 
admixture m.ay be influenced markedly by the hydrogen-ion concen- 
tration of the material. The experiment was conducted with peat, 
but previous work has shown that peat has the same growth-promoting 
effect as soil when added to sand cultures. In this experiment the 
effect of an unlimed moss peat of pH 3.5 was compared with the effects 
of three lots of the same peat limed some months previously to pH 
values of 5.0, 5.9, and 6.6. The quantities of calcium hydroxide 
required to produce these hydrogen-ion concentrations were, respec- 
tively, 2.9, 4.3, and 5.3 percent of the weight of peat. Before the 
peats were mixed with the sand they were ground to pass through a 
K-mm. sieve. The nutrient salts applied to the pure sand and the 
sand-peat mixtures were the standard fertilizer mixture. No. 3 of 
table 1, used in previous experiments. Millet was grown from April 19 
to May 13. 

It is evident from the data in table 2 that the effect of peat on growth 
in sand cultures varied with the degree to which the culture had been 
neutralized, at least to a limit of about pH 6. If no determinations 
had been made of the hydrogen-ion concentrations of the cultures 
before and after growth, it would have seemed obvious that the effect 
of peat on growth in sand cultures lies in its effect on the hydrogen-ion 
concentration of the medium. However, the fact that the pure sand 
cultures before and after growth had the same pH values as the superior 
culture containing the peat of pH 5.9 seems to indicate that the benefi- 
cial effect of the peat does not lie in modifying the hydrogen-ion con- 
centration of the medium. 


Table 2, — Effects of 'peats having different hydrogen-ion concentrations on the yield 

of millet in quartz sand 


Peat mixed with the sand 





Average 

1 air-dry 
' yield per 
pot 

Hydrogen-ion con- 
centration of medium 

Amount (grams) 

pH 

Air-dry yield of individual pots ' 

At start 
of experi- 
ment 

At end 
of experi- 
ment 

0 


Grams 

5. 12 

Grams 

4.06 

Grams 

4.42 

Grams 

4.07 

Grams 

4. 42 

pB 

6.3 

^ pH 

5.6 

■5 

3. 5 

2. 50 

2.80 

4.44 

! 3.70 

3. 36 

5.3 

4.4 

10 

3.5 

2.28 

3. 27 

1.58 

1.80 

2. 23 

4.6 


20........ ... 

3.5 

1.35 

1.13 

1.32 

.96 

1. 19 

4. 4 


40........' 

3.5 

.46 

.68 

.48 

.73 

.59 

4.2 

' 4.4 

5 

5.0 

5. 78 

5.62 

5. 15 

6.23 

5. 70 

5.9 

5.0 

'10.......... 

5.0 

5.43 

5.82 

6.15 

5. 76 

5,79 

5.7 


20 

5. 0 

5. 82 

5. 87 

5. 84 

5.79 

6.83 

5.7 


40 .... 

5. 0 

5.79 

5. 56 

5.29 

5. 47 

5.53 

5.7 

5.0 

5-.' 

5.9 

6. 50 

6,58 

6: .73 

. 6.65 

6. 62 

6. 3 

5.4 

10 

5. 9 

6.98 

6. 52 

6. 60 

7. 02 

6.78 

6.0 


20 

5.9 

7.48 

6. 79 

6.85 

7. 17 

7.07 

‘6. 0 


40 

5.9 

6. 73 

6. 32 

6.92 

7.23 

6.80 

6.0 

6,7 

5..... 

6.6 

6.00 

6.10 

6.88 

5.70 

6. 17 

6.3 

5. 4 

10.. ' 

6. 6 

6. 34 

6.83 

5.88 

5. 99 

6.26 

6. 6 


20........... ■ 

6.6 

6.79 

6.70 

7.23 

7. 34 

7.02 

6.6 


40.................... 

6.6 

6.93 

7.00 

6. 98 

6.21 

6.78 

6,6 

6.1 
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Similaily contradictory, evidence regarding tlie hydrogen-ion con- 
centration as a factor in the increased growth pioduced by soil admix- 
tures was obtained in previous work (3) with some of the 60 different 
soils used. This contradiction is disposed of in the explanation out- 
lined in the introduction, on the grounds that the pH values deter- 
mined at the end of an experiment indicate only the net acidity devel- 
oped and do not show the acidity or alkalinity obtaining at different 
times in films contiguous to the roots. 

Direct confirmation of 'the idea that the sand near the roots is 
different in reaction from the sand in the whole pot was obtained in 
the experiment with wheat. (See table 9.) After the sand in the 
whole pot had been sampled, the roots were I’emoved and colorimetric 
determinations were made of the sand that adhered closely to the roots. 
This w’as done by dropping the indicator on a mass of roots and adher- 
ing sand. The results are shown in table 3. 

Table 3. — Hydrogen-ion concentration of all the sand in a pot and of sand adhering 

to wheat roots 


Nutrient salt mixture . 

Hydrogen-ion concentration 
i of— 

1 

No. 

Form of nitrogen 
present 

All the 
sand in a 
pot 

Sand adhering to 
d itTerent lots of roots 



pH 

pH 

1 

All as NH4 

4.4 

4.2, 4.0 

2 

V2asNH4— 

4.7 

4.0, 5.0, 4.2, 4.7 

3 

i4asNH4 

5.2 

6.4, 7.6, 8.4, 7.8 

4 1 

H&s NH4 

6.8 

7.5, 8.8 

5 ' 

i 

All as NO 3 .. - 

8.6 

9.0, 9.2, 8.6 


It will be seen that the sand near the roots was in m.ost instances 
considerably m.ore acid or alkaline than the average sam.ple of the 
whole pot. Presum.ably, the microscopic film immediately con- 
tiguous to the roots differs from the average sample still more widely 
in reaction. 

The hydrogen-ion determinations m.ade on samples from pots re- 
ceiving the No. 3 salt mixture are of especial interest. Evidently, 
here the plants had absorbed m.ost of the ammonia and at the time 
of examination were drawing m.ore heavily on the nitrates, so that the 
acidity previously developed was being reduced. Subsequent ex- 
periments with wheat and millet indicated that this was the case. A 
number of pots containing quartz sand and the No. 3 or No. 2 mix- 
ture of salts were planted at the same time and harvested at intervals 
for hydrogen-ion determinations of all the sand in the pot and of sand 
adhering to roots of the plants. Wheat was grown from December 
16 to January 26 and millet from January 26 to March 2. The 
results are given in table 4. 

Column 6 of table 4 gives the pH value for only the greater part of 
the sand adhering to the roots in a pot. Frequently the sand ad- 
hering to individual roots and to certain parts of the same root was 
% to 1 pH unit more acid or alkaline than this “majority” value. 
Unplanted pots had the same hydrogen-ion concentration at the end 
of the experiment as at the start. 
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Table 4. — Hydrogen-ion concentrations developed by wheat and millet at different 

stages of growth 


Crop 

Form of nitrogen present in 
salt mixtures 

Age of 
plant 

Air-dry 
weight of 
plants per 
pot 

Hydrogen-ion concen- 
tration of— 

All the sand 
in a pot 

Most sand 
adhering to 
roots 



IJaijs 

Grams 

pH 

pH 



6 


6.5 

4.8 



21 

0. 84 

6.5 

6.3 

Wheat 

1/3 as XH 4 ; 73 as NO 3 

27 

.87 

6.8 

7. 5 



34 

2. 19 

. 6.9 

7.2 



41 

3. 35 

7.0 

7.6, 



11 

.04 

6.9 

4.2 



16 

.12 

1 6 . 7 

3.9 

1 


21 

.47 

1 6.4 

4.6 

Millet 

as NH 4 ; ^3 as NO 3 - 

\ 24 

.67 

! 6.2 

5. 9 



28 

1.61 

6 . 3 

6.4 



32 

3. 13 

6.5 

6.2 



^ 35 

5.80 

6.3 

6.1 



( 11 

. 03 

6.9 

4.2 



16 

. 10 

6.7 

3.9 



21 

.36 

6.4 

4.6 

Do.... 

i V 2 as NH 4 ; as NO 3 

( 24 

I .59 

6.2 

! 4.8 


. 

28 

i 1,23 

5.9 

4.6 



32 

2.25 

4.8 

4.8 



1 35 

4.31 

4.8 

4.8 


From the data in tables 3 and 4 it is concluded (1) that the sand 
close to the roots may have a hydrogen-ion concentration quite 
different from that of the whole mass of sand; (2) that the final 
hydrogen-ion concentration varies with the proportion of nitrate 
nitrogen to ammonium nitrogen; (3) that when certain proportions 
of ammonium and nitrate are supplied the hydrogen-ion concentra- 
tion of the sand, especially that near the roots, varies with the growth 
of the plant, sometimes shifting from acid to alkaline. 

These conclusions are supported by some previous work. Solberg 
(5) found that in quartz sand cultures the sand near the roots was 
about one-half of a pH unit more acid than sand between roots when 
nitrogen was supplied as ammonium and one-half of a pH unit m.ore 
alkaline when nitrogen was supplied as nitrate. These differences 
are less than those recorded for millet in table 4, but the samples 
compared are not the sam.e in the two cases. Nightingale (7) found 
that the hydrogen-ion concentration at the surface of apple roots 
sometimes differed from, that of the culture solution by 1 to 2 pH 
units. The markedly different hydrogen-ion concentrations de- 
veloped with different proportions of ammonium and nitrate nitrogen 
(table 3) are in general accord with the data obtained by Trelease and 
Trelease (fO) on wheat grown in water cultures containing different 
proportions of potassium nitrate and ammonium sulfate. The 
hydrogen-ion concentrations did not vary so widely in the Treleases^ 
eulture solutions as in the sand cultures shown in tables 3 and 4, but 
this difference is probably due to the fact that the water cultures 
were renewed every 8 days. 

Data in table 4, showing a change in reaction from acid to alkaline 
during the growth period, find only slight confirm.ation in the Tre- 
leases’ water-culture data. In their work a reversal in the trend of 
hydrogen-ion development is shown only by the solution containing 
0 parts of ammonium to 95 parts of nitrate, which was tested each 
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day for the last 8-day period. Probably a similar reversal would have 
been shown by solutions containing a higher proportion of ammonium 
if the plants had been grown for a longer time in the same solution. 
With buckwheat grown in a culture solution containing equal propor- 
tions of ammonium and nitrate, Stahl and Shive (9) observed a pro- 
nounced shift from ammonium to nitrate absorption after blossoming. 
A change conditioned by maturity of the plant, however, would not 
account for the shift observed in the present studies, since it does not 
occur in the series grown with one-half of the nitrogen as amm.onium 
and one-half as nitrate. Moreover, the oldest plants were cut when 
the heads were just starting to emerge. 

EFFECT OF CALCIUM CARBONATE AND INCREASED IRON ON 
YIELD OP MILLET IN QUARTZ SAND 

If the poor growth in pure sand with the standard salt mixture is 
due to acidity resulting from the absorption of m.ore cation than anion 
equivalents, it might seem possible to correct the condition by an 
application of calcium carbonate. However, too much calcium 
carbonate reduces the availability of iron in the quartz sand cultures 
to such an extent that the plants become chlorotic. The chlorosis 
can be overcome to some extent by increasing the iron supply, but too 
much reactive iron reduces the availability of the phosphate until it 
becomes deficient. Increasing the phosphate in order to maintain an 
adequate supply tends to lower the availability of the iron. Because 
of these conditions it may not be possible to produce optimum condi- 
tions for growth merely by adding calcium carbonate to the sand 
cultures. 

In the following experiment the standard mixture of nutrient salts, 
No. 3, was used. The quantity of precipitated calcium carbonate 
added to the sand cultures was only 0.5 gm. per pot, since previous 
work (9) had shown that 0.8 gm.. induced chlorosis. Three quantities 
of ferric tartrate were tested in conjunction with this application. 
There were also several other treatments in this experiment. Addi- 
tional increments of iron were tried with the all-nitrate mixture of 
salts, No. 5, since diminished growth with these salts in quartz sand 
was found to be due to a lack of available iron (S) . In addition to the 
potassium in the standard salt mixture, potassium chloride was added 
to some pots, since it was thought possible that the injurious effect 
of the acidity developed from these salts might lie in diminishing 
potassium assim.ilation, as held by Wadleigh and Shive (11). If this 
were the case, increasing the potassium concentration might ameliorate 
the condition. The treatment with peat of pH 5.0 was installed as 
a check on the efficacy of the other treatments. In the previous 
experiment this peat increased the yield markedly. Millet was grown 
from May 12 to June 4. The results of the experim.ent are given in 
table 5. 

The increase produced by calcium carbonate with the highest iron 
application is alm.qst as large as the increase produced by the peat of 
pH 5.0, and this in turn is about equal to the average increase pro- 
duced by 46 different soils in 66 comparisons (Syp. 620). The results, 
therefore, support the idea that the beneficial effect of a soil applica- 
tion lies in acting as a buffer and in supplying available iron. 
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Table 5.— Effect of calchim carbonate ^ extra iroUy and extra potassium on yield of 

millet in quartz sand 


Substance added to quartz sand 


Nu- 
trient 
salt 
mix- 
ture 1 
No. 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

5 

5 

5 


Additional compound 


Name 

Amount 

None 

Grams 

.do - 


Calcium carbonate 

0.5 


.5 


. 037 

jCalcium carbonate - 

.5 

{'Iron 

. 148 

Potassium chloride 

.343 

do - 

_do 

.686 

1.029 

Peat, pH 5.0 - 

10 

fPeat-_ 

10 

\ Potassium chloride 

.343 

None.- - 

Iron - 

.037 

do 

.148 



Air-dry yield of 
individual pots 


Grams 

3.82 

4.92 

4.06 

} 3.51 

} 6.80 

4.11 
3. 52 
3.94 
6.40 

} 6.00 

3.31 

5.18 

4. 19 


Grams 
3. 40 
4. 76 


5. 21 

5.35 

4. 72 
4.05 

3.68 

6.68 

5. 82 

4. 54 
5.15 
4. 41 


Grams 

4.78 
4.53 
5.00 

6.78 

6.68 

4. 99 
4. 14 
4. 10 
6.30 
5.45 

3. 91 
4.25 
4.62 


Grams 
4.04 
4. 79 

5. 09 

6. 07 

6.10 

4.15 
3.87 
3. 58 


5.62 

2.60 

4.25 

3.96 


Aver- 

age 

air-dry 
yield 
per pot 


Grams 
} 4.38 
5.03 
6.39 

6. 23 

4.49 

3.90 

3.83 

6.46 

5. 72 

3. 59 
4.71 
4.30 


Rela- 

tive 

yield 


Percent 

100 

115 

123 

142 

103 

89 

87 

147 

131 

82 

108 

98 


pH at 
end of 
experi- 
ment 


5. 9 
7.5 
7.5 

7.5 
5.2 

6.5 

6.5 
4.7 

4.7 

7.8 

7.5 
8.0 


i Nitrogen present in nutrient salt mixtures: In No. 3, Vs N as NH 4 , and ys N as NO3; in No. 5, allN 
as NO3. 


The failure of the extra potassium applications to increase growth 
indicated that a potassium deficiency is not the cause of reduced 
growth in the pure sand cultures. 

In pots receiving the all-nitrate salt mixture, all plants were mark- 
edly chlorotic during early growth, but toward the end of the experi- 
ment the color improved considerably and at that time the plants 
receiving extra iron were an almost normal green. The improved 
color at the later period when the heads were forming may be con- 
nected with an increase in the plants’ requirement for potassium as 
compared with nitrogen, since an increase of this kind, if sufficient, 
would deVelop an acid reaction instead of an alkaline one in the 
absorption zone. The appearance of the plants and the 37ields in- 
dicated that the extra iron applications increased iron assimilation 
slightly but not to an optimum degree when this mixture of nutrient 
salts was applied. . 


COMPARATIVE YIELDS OF MILLET IN QUARTZ SAND AND IN SAND- 
SOIL OR SAND-PEAT MIXTURES, AS INFLUENCED BY THE WATER 
CONTENT AND BY FLUSHING 


According to the ideas outlined in the introduction, unfavorable 
conditions for gi^owth in pure sand cultures ai’e developed in the zone 
of root absorption and do not necessarily obtain throughout the whole 
medium. It was thought that if the absorption zone could be flushed 
at intervals with the salt solution draining from the whole pot, growth 
should be as good in quartz sand as in sand-soil mixtures. The first 
experiment in which the pots were drained and flushed at intervals is 
described in the following paragraphs. This experiment was also 
designed to test an idea that had been expressed that better growth 
would be obtained in pots pmvided with drainage holes than in the 
standard closed crocks. 
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The pots used in this experiment were especially designed for 
drainage and held approximately 8,000 gm. of sand. The drainage 
holes of some pots were stopped with cotton and rubber cement, 
while the holes of other pots were left open. Half the pots were filled 
with quartz sand and half with a sand-Marshall soil mixture contain- 
ing 1 percent of colloidal material. Most pots were maintained at a 
water content of 15 percent, but water wm added to other pots until 
approximately 500 cc. percolated through. The 500 cc. of percolated 
solution was added to the pots at the next watering along with suf- 
ficient water to again provide a percolate of about 500 cc. For the 
15 percent water content, 1,175 cc. of water was required, and for the 
drained pots, 2,763 cc. of water was required to produce the percolate 
of 500 cc. The sand and sand-soil mixtures in the drained pots thus 
held approximately 27 percent of water after drainage. The drained 
pots were filtered 11 times during the 27 days the experiment lasted. 
The standard mixture of nutrient salts, No. 3 of table 1, was applied 
to all pots. The quantity of salts was increased to eight-fifths of the 
normal quantity, however, since the pots in this experiment held 
approximately 8,000 gm. of sand instead of the usual 5,000 gm. 
Millet was grown from September 29 to October 26. The results of 
the experiment are shown in table 6. 


Table 6 . — Effect of water content and drainage on yield of niillet in quartz sand and 

a sand-soil mixture 


Material in pots 

Kind of pots 

Water 

content 

Air-dry yield of individual 
pots 

Average 
air-dry 
yield 
per pot 

Quartz sand only 

Do 

No holes 

Holes 

I Pei cent 

15 

16 

27+ 

15 

15 

27+ 

Grams 

6.47 

5.74 

5.76 

9.86 

10.78 

9.00 

Grams 
i 4. 48 ! 
5.80 ‘ 
6.86 
10.78 
9.90 
7.56 

Grams 
5.47 1 
5.27 * 
7.52 
10. 01 
10. 41 

Grams 
5.47 
6.60 
6. 71 
10. 22 
10. 36 
8.2S 

Do 

.. ..do 

Sand plus Marshall soil 

Do 

No holes 

Holes 

Do 

do 





It will be seen that the pure quartz sand and the sand-soil mixture, 
maintained at a water content of 15 percent, gave almost exactly the 
same yield in closed pots as in pots provided with holes in the bottom. 
Thus it is evident that the added aeration afforded by drainage holes 
does not improve growth conditions when the cultures are maintained 
at a favorable water content. The quartz sand culture flushed with 
excess water yielded about 20 percent more than the quartz sand of 
15 percent water content; whereas the flushed sand-soil mixture yielded 
about 20 percent less than the same culture with 15 percent of water. 
The conclusion here is not certain, since the excess-water cultures 
differed from the standard cultures in three respects: (1) The excess- 
water cultures contained a less concentrated salt solution than the 
standard cultures, since the salts were dissolved in 2,763 cc. of water 
instead of in 1,175 cc. ; (2) the pore space in the excess-water cultures 
remained filled with water after drainage, whereas the pore space in 
the standard cultures was little more than half filled by water; (3) the 
excess-water cultures were flushed 11 times during the experiment. 

It is believed that in the case of the sand-soil mixtures the slightly 
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poorer growth in the flushed series than in the standard series was due 
to the second of the differences just mentioned. When the pore space 
is filled with water the decomposition of organic matter in the soil may 
be expected to produce unfavorable conditions. In the case of the 
pure quartz sand cultures, the slightly better growth in the flushed 
pots is believed to be due to the third difference. The flushing tended 
to remove the injurious condition^ developed by the roots in the zone 
of absorption. 

These conclusions seem little more than guesses when based on the 
data of this one experiment. They are, however, substantiated by 
other data. In connection with the results of the following experi- 
ment it is important to bear in mind that in this particular experiment 
any one or all three of the differences mentioned are responsible for 
only a slightly increased growth in the pure sand cultures. 

It was thought that in the foregoing experiment the pots were not 
flushed frequently enough to maintain the solution in contact with 
the roots at approximately the same composition as the solution in 
the whole pot. Two more experiments were conducted in which the 
flushing was much more frequent. 

In these experiments the regular 1-gallon crocks with drainage holes 
drilled in the bottom were employed. The all-ammonia mixture of 
nutrient salts. No. 1 of table 1, was used instead of the standard 
mixture, in order to provide a more severe test of the efficacy of flush- 
ing. With this mixture of salts, growth of millet in quartz sand 
cultures is especially poor, being only about one-fifth of that obtained 
in good sand-soil or sand-peat mixtures. Automatic flushing was 
provided by a siphon dripping from a 5-gallon bottle into a Soxhlet 
tube. The Soxhlet tube emptied 200 cc. of solution into the pot 
every hour or two. Such a large volume of water was required for 
flushing with this apparatus that distilled water could not be used 
without inordinately reducing the salt concentration in the pot; 
hence a salt solution was used that contained for every 1,400 cc. of 
water the quantity of salts applied to one pot. The solution was 
adjusted to pH 5.5 with sodium hydroxide. As a check on the effect 
of frequent flushing, some pots were made up with 1,400 cc. of water, 
which was the maximum amount a pot would hold after excess water 
had been added and allowed to drain away. After the plants had 
attained some size, these pots were flushed every 2 days with 200 to 
500 cc. of the same solution as that applied to the frequently flushed 
pots. As a check on the efficacy of flushing, a series of pots was 
installed with a sand-peat mixture. The peat was a commercial ma- 
terial used for soil improvement and had been limed to a pH ojf 5,5. 
It was mixed with the sand in the proportion of 25 gm. of peat to 
approximately 5,000 gm. of sand. 

Automatic flushing could not be started until the plants in the sand 
were about l)i inches tall and those in the sand-peat mixture were 
somewhat taller. The effect of flushing the pots as soon as the plants 
were up was tried, but the solution burned the leaves badly. In the 
first expmment the plants were grown from October 24 to December 
12 and in the second from January 24 to March 17. The greater 
growth in the second experiment was due to the more favorable light 
conditions obtaiuing in the second period. The results of the two 
experiments are shown in table 7. 
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Table 7— Eject of frequent flushing on yield of millei in quartz sand and in a 

sand-peat mixture 


Material in pots 

Water content of pots 

First experiment 

Second experiment 

Air-dry yield 
of individual 
pots 

Average 
air-dry 
yield 
per pot 

Air-dry yield 
of individual 
pots 

Average 
air-dry 
yield 
per pot 

Quarts sand only.... 

Do. 

Do... 

Sand plus peat 

Do 

Normal, ISpereent.. 

Occasional flushing 

Frequent flushing 

Normal, 15 percent.. 

Frequent flushing.. 

Grams 
0, 51 
.60 
2.06 
2.94 
1.66 

Grams ^ 
0.58 ' 

3. 86 
1.29 

Grams 

0. 55 
.60 
2. Of) 
3. 40 
1.48 

Grams 
1.00 
1.37 
5.20 
8.32 
6. 45 

Grams 
1.15 
1.60 
4.58 
8. 10 
6. 92 

Grams 
1.08 
1.49 
4. 89 
8. 21 
6. 69 


It is apparent from the results shown in tables 6 and 7 that flushing 
the pots had a very diflferent effect on pure sand cultures from that on 
sand cultures containing a small amount of soil or peat. Occasional 
flushing of the sand-soil mixture depressed the yield slightly, and 
frequent flushing had the same effect. In the pure sand cultures 
occasional flushing increased the yield only slightly, but frequent 
flushing increased the yield so markedly that it seems that this treat- 
ment may improve growth conditions in somewhat the same way as 
soil or peat admixtures. The failure of plants in frequently flushed 
sand to attain the growth made by plants in the sand-peat mixture is 
doubtless due in part to the fact that flushing could not be started 
until the plants were 10 or 11 days old. Possibly, also, frequent 
flushing did not so fully correct conditions as did the peat admixture. 

It is felt that the experiments on flushing strongly support the idea 
that the beneficial effect of soil or peat admixtures on quartz sand 
cultures lies in correcting adverse conditions that develop in a zone 
contiguous to the roots. 

COMPARATIVE YIELDS OF MILLET IN QUARTZ SAND AND IN 

A SAND-SOIL MIXTURE, AS INFLUENCED BY THE MECHANICAL 

COMPOSITION OF THE SAND 

The data that have been discussed were obtained with many 
different lots of quartz sand, but they were all of approximately the 
same mechanical grade. Two-thirds of the particles were between 
1,0 and 0.5 mm. in diameter. It seemed desirable to determine 
whether the effects of soil admixtures would be more or less pro- 
nounced with other grades of sand. An experiment was therefore 
begun in which coarser and finer grades of sand were compared with 
the standard grade. The mechanical analyses of the three kinds of 
sand (table 8) were made by E. F. Miles, of the Bureau of Plant 
Industry. 

In this experiment the standard mixture of nutrient salts was used 
and the Spearfish soil was applied at a rate to supply 50 gm . of colloid 
per pot. Millet was grown from November 1 to December 13. 

The results of the experiment were not very informative. The 
fine grade of sand, both with and without the soil admixture, was so 
compact that the roots penetrated it only slightly. Many of the 
roots formed later arched out of the sand without the tips penetrating. 
A mixture of 25 percent of the finer grade and 75 percent of the stand- 
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Table 8. — Mechanical composition of three grades of quartz sand 


Diameter of particles (mm.) 

Particles in sand of indicated 
grade 

Coarse 

Standard 

Pine 

2+ . -u-. 

Percent 

27.1 

Percent 

0 

Percent 

0 

2-J . _ - 

68. 6 

16.7 

0 

1-0.5 - - 

3.7 

64.8 

.2 

0.5-0.25 - - - . 

.5 

17.4 

1.5 

0.25-0.1 - 

. 1 

.9 

84.6 

0.1-0.05 

0 

0 

13.1 

0.05-0.005 - - 

0 

0 

.6 




ard grade was likewise too compact for normal root growth. With 
the standard grade of sand the soil admixture produced the usual 
increase in growth. The average weight of plants in this pure sand 
was 1.61 gm. per pot, and in the sand-soil mixture the weight was 
2.43 gm. With the coarser grade of sand the effects of the soil ad- 
mixture were more pronounced. The pure sand yielded 0.51 gm. 
per pot and the sand-soil mixture 2.14 gm. 

The preceding results indicate that the coarser the sand the more 
beneficial is the addition of soil. However, in the case of the coarse 
sand it is possible that part of the beneficial effect of the soil was due 
to improvement in the water-holding capacity of the medium. In 
the coarse sand without soil the plants wilted, somewhat even when 
the water content was only slightly reduced. 

COMPARATIVE YIELDS OF WHEAT IN QUARTZ SAND AND IN A 

SAND-SOIL MIXTURE, AS INFLUENCED BY THE MIXTURE OF 

NUTRIENT SALTS APPLIED 

Most measurements of the increased yields produced by adding soil 
to sand cultures were obtained with millet, but apparently the results 
^PPly most plants. Results similar to those shown by millet were 
observed with rice {Oryza sativalj,) , white mustard (Brassica alba (L.) 
Boiss.), cotton (Gossypium sp,), and dwarf sunflowers {Helianthus sp.). 
Marquis wheat, on the other hand, yielded almost as much in pure 
quartz sand as in sand-soil mixtures in several experiments, some of 
which have been published (5^6). 

It was thought probable that this exceptional behavior of wheat was 
characteristic only of the particular mixture of nutrient salts applied. 
An experiment was therefore conducted with a series of nutrient salt 
mixtures in which the source of nitrogen ranged from all nitrogen as 
ammonia to all nitrogen as nitrate. The composition of these salt 
mixtures is shown in table 1. Each of the mixtures contained prac- 
tically the same quantities of nitrogen, phosphorus, potassium, 
niagnesium, sodium, and minor nutrients, but some mixtures contained 
different quantities of calcium, sulfate, or chlorine. The soil added to 
one series of pots, at the customary rate of 50 gm. of colloid per 5,000 
gm. of sand, was a sample of the Nacogdoches fine sandy loam having 
a pH value of 6.3. Marquis wheat was grown from December 11 to 
January 22. The results of the experiment are given in table 9. 

Evidently the growth of wheat in sand cultures may be markedly 
improved by a soil admixture when the nutrient salts contain an undue 
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Table 9.—Effect of different nutrient salt mixtures on yield of wheat in quartz sazid 
and in a sand-soil mixture 


N lit rient salt niixtore 

Material 
in pots 

Air-dry yield 
of individual pots 

xVver- 

age 

air-dry 

yield 

per 

pot 

Yield in 
sand- 
soil 

culture 

Hydrogen-ion 
concentration 
of medium at — 

No, 

Form of nitrogen 
present 

as per- 
centage 
of yield 
in sand 

Start of 
experi- 
ment 

End of 
experi- 
ment 





Grams 

Grams 

Grams 

Grams 

Gra ms 

Percent 

pH 

pH 

1 

AilasNH4 - 

j 


1.05 

0.80 

0.80 

0. 83 

0, 87 

100 

6.0 

4.4 

2 

i/jasNH4 - 



2.48 

2. 32 

2. 33 

2.01 

2. 29 

100 

6.0 

4.7 

3 

n as NH 4 

>Sand only 


2.37 

2. 27 

2. 37 

2.11 

2 . 28 

100 

6.0 

5. 2 

4 

H as Nin 



2.75 

2. 60 

2. 43 

2. 76 

2, 64 

100 

6.0 

6 .S 

5 

All as NO, 4 , 

j 


. 1.72 

1.95 

1.82 

2. 15 

1. 91 

100 

6.7 

8 . 6 

1 

All as NH 4 

] 


■ 2.20 

2. 13 

1.96 

1.92 

2. 05 

236 

6.0 

4 . 6 

2 

n as NH .4 



2.82 

2.40 

2.98 

2.64 

2. 71 

118 

6.0 

5. 0 

3 

liasNin.,-- 

'Sand plus soil- 


2.21 

2.42 

2. 53 

2.58 

2.44 

107 

6.0 

5 . 8 

4 

■ 16 as NH 4 



2.28 

2. 44 

2.60 

2. 72 

2.51 

95 

6.0 

6 . 5 

5 

All as NO3 

1 


2.27 

2.68 

2. 77 

2.01 

2. 43 

127 

6.0 

7.6 


proportion of eitlier essential cations or anions, as in the case of the all- 
ammonium and all-nitrate mixtures. But when the standard salt mix- 
ture No. 3 w^'as used, the increase produced by soil was only 7 percent 
in this experiment, and in seven other compaiisons involving* four 
different soils the average increase was 9 percent. On the whole, 
wheat seems less sensitive than millet to conditions in quartz sand, 
for when the No. 3 salt mixture is used a soil admixture usually in- 
creases the growth of millet about 50 percent. And the increases 
produced in wheat by the application of soil with the other salt mix- 
tures are smaller than those usually produced in millet under similar 
conditions. 

Although wheat seems more tolerant than millet or rice of condi- 
tions obtaining in quartz sand cultures, it seems to alter the hydrogen- 
ion concentration of the medium to about the same extent as millet 
or rice, as shown by table 10. ' 


Table 10. — Hydrogen-ion concentration of quartz sand after growth of millet^ 
wheat, and rice with different nutrient salts 


Nutrient salt mi.xture 

Hydrogen-ion concentraton of 

1 quartz sand after growth of— 

No.' 

Form of nitrogen present 

Millet 

Wheat 

pH 

4.4 

4.7 
5.2 

6. 8 
8.6 

Rice 

pH 

t.. 

AllasNin,,,. 

pH 

3.8 
4.3 
5.5 

5.8 
7. 1 

2 --. 

li as NH 4 - 

. 4.4 
. 5. 5 

3 . 

lfiasNH4-. - 

4----:-.,- 

H as NH 4 --.-. 

5------ - 

Allas NO;j- 





This comparison is not conclusive since the data are the results of 
single experiments and the hydrogen-ion concentrations developed by 
millet have been found to vary considerably in experim.ents conducted 
at different times. Presumably all conditions that affect the ash 
composition of the crops would affect the hydrogen-ion concentra- 
tions developed. It seems probable, however, from the data at hand, 
that modifications in the hydrogen-ion concentrations produced by 
the growth of wheat are not widely different from those produced by 
millet and rice. 
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RECAPITULATION OF EVIDENCE CONCERNING THE BENEFICIAL 

EFFECT OF SOIL ADMIXTURES IN QUARTZ SAND CULTURES 

The experimental results reported in this and a previous publication 
{3) stiongly support the explanation that has been given for the bene- 
jficial eflfect of adding soil to a quartz-sand culture. The general 
features of the explanation are that in pure quartz sand an unfavorable 
hydrogeii“ion concentration is developed, owing to a nonequivalent 
absorption of cations and anions; that the soil admixture improves 
growth by acting as a buffei to the hydrogen-ion concentration 
developect ; and that the soil also supplies available iron. A recapit- 
ulation of evidence bearing on these assumptions follows. 

That the roots develop a hydrogen -ion concentration owing to the 
nonequivalent absorption of nutrient cations and anions was shown 
by experiments conducted with millet (S) and wheat in quartz sand. 
In these experim.ents mixtures of nutrient salts containing different 
proportions of ammonium and nitrate ions were compared. When 
nitrogen was supplied exclusively as ammonium ions, the quartz 
sand became plainly too acid for the best growth; and when nitrogen 
was supplied exclusively as nitrate, the sand became plainly too 
alkaline, since the plants became chlorotic, owing to an insufficient 
absorption of iron. When one-third of the nitrogen was supplied in 
the form of ammonium and two-thirds as nitrate, as in the standard 
salt mixture, the sand was somewhat more acid at the end of growth 
than at the beginning. But the acidity developed was not sufficient 
to curtail growth markedly, if one judged by the hydrogen-ion concen- 
tration of all the sand in a pot before and after an experiment. In 
fact, some sand-soil mixtures were more acid than the pure quartz 
sand cultures at both times of examination. 

However, examination at intervals during growth of sand adhering 
to the roots showed that, when the standard salt mixture is used, sand 
close to the roots may be higlily acid during early growth and nearly 
neutral to alkaline during later growth. It appeared, therefore, that 
hydrogen-ion determinations of all the sand in a pot at the start and 
end of an experiment showed only the net acidity or alkalinity de- 
veloped, and not the conditions affecting the roots at any time. 
Even when the hydrogen-ion concentration of the whole pot is near 
the optimirm, the hydrogen-ion concentration very near the roots 
may be unfavorable a considerable part of the time. 

The difference between conditions obtaining near the roots and 
throughout the pot is indicated also by the appearance of the plants. 
Usually the poorer growth of millet in quartz sand than in sand-soil 
mixtures is apparent when the plants are very small, only 1 to 2 inches 
tall. At this stage of growth the sand in the pot as a whole could have 
been altered little by the plants’ absorption of ions. In a zone close 
to the roots, however, the reaction developed could be as unfavorable 
as that shown by the whole pot at the end of growth when nitrogen is 
supplied exclusively as ammonium, or as nitrate. 

Further evdence that in sand cultures an unfavorable condition 
may develop near the roots is provided by the flushing experim.ents. 
When the pots were flushed every 2 to 3 hours, growth was m.arkedlv 
im.proved in the sand cultures but slightly depressed in the sand-soil 
and sand-peat m.ixtures. When the sand cultures were flushed every 
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Other day, there was only slight improvement in growth. These facts 
are in accord with the idea that the unfavorable conditions in sand 
cultures are strongly localized and develop quickly. 

That the soil admixture improves growth by acting as a buffer to 
the hydrogen-ion concentrations developed is shown by several experi- 
ments, most of which are reported in a previous publication (S). When 
the standard salt mixture developing moderate acidity was used, 
growth in quartz sand was improved by such diverse materials as a 
neutralized sodium silicate, a ferric oxide gel, activated charcoals, 
samples of peat having pH values above 5.0, and calcium carbonate 
plus ferric tartrate. All of these materials had greater or less buffer 
capacities, especially against acid. 

That the capacity of the soil for supplying iron is also concerned in 
the beneficial effect of soil additions, especially when an alkaline 
reaction is developed, is indicated by two facts. (1) Wlien an all- 
nitrate salt mixture was applied to quartz sand, the plants became 
chlorotic, owing to an iron deficiency. This condition was partly 
corrected by adding extra iron to the sand. In the soil-sand culture 
the plants were green and were not improved by additional iron. 
(2) When a small am.ount of calcium carbonate was added to quartz 
sand fertilized with the standard mixture, growth was im.proved by 
only 15 percent; but calcium carbonate and extra iron together in- 
creased growth by 42 percent, 

DISCUSSION 

The results obtained in this study emphasize som.e of the important 
dififerences in soil, water, and sand cultures. In a soil culture the 
solution at the start may be quite different from the salt solution 
originally supplied, owing to reactions with the colloidal m.aterial. 
This applies particularly to concentrations of hydrogen and phosphate 
ions. And, since the salt solution is not renewed, it should change 
with the growth of the plants, except as it is stabilized by the soil 
colloids. The solution in contact with the roots should be somewhat 
different from that in the medium as a whole, owing to absorption by 
the roots, but creation of differences in the root zones is opposed by 
the colloidal material. 

In a water culture, the solution in the container should at the start 
be the same as that originally supplied, and it should alter little with 
growth of the plants if the solution is frequently renewed. Also, the 
solution in contact with the roots should be practically the same as all 
the solution in the container, particularly if the solutionis agitated by 
aeration. However, there is reason for believing that the solution in 
the absorption zone of roots may differ from that in the body of the 
container in the case of water cultures in which precipitates form and 
adhere to the roots. 

Some conditions in a quartz sand culture are midway between those 
obtaining in water and soil cultures and some are more extreme. In a 
pure quartz sand culture the solution at the start should, as in a water 
culture, be the same as that originally supplied. Since the solution 
is not renewed and is not buffered by a reactive m.aterial, it should 
alter with the growth of the plants mnre than the solution in a soil 
culture. Also, the solution in immediate contact with the roots 
should differ from that in the whole container more markedly than in 
the case of soil or water cultures. 
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This difference between the solution in the whole container and in 
the absorption zone vaiies with the rate of diffusion from and into the 
absorption zone. It should also vary with the kind of plant and the 
composition of the nutrient solution. If a plant absorbed equivalent 
amounts of the nutrient cations and anions, the hydrogen-ion con- 
centration of the absorption zone would remain neutral or the same as 
that in the container as a whole. The most pronounced changes in 
the reaction of the absorption zone are brought about by varying the 
proportions of ammonium and nitrate ions, since this involves a change 
in one of the major nutrients absorbed from cation to anion. Other 
differences in the composition of the nutrient solution should have 
comparatively little effect on the reaction developed by absorption, 
since no other major nutrient can be supplied as either cation or anion. 

It might be supposed that in sand cultures any hydrogen-ion con- 
centration between pH 4 and 7 could be attained by properly appor- 
tioning the nitrogen between ammonium and nitrate ions. This is 
approximately true for the reaction of the whole medium at the end 
of a growth period, provided the nitrogen supply is largely utilized. 
It does not seem to apply, however, to sand close to the roots. Near 
millet and wheat roots "the reaction of the sand may vary between 
early and later growth from markedly acid to nearly neutral or alka- 
line, when certain proportions of ammonium and nitrate ions are sup- 
plied; when other proportions of ammonium and nitrate are supplied 
the reaction may remain strongly acid during the whole period. The 
early acidity developed is doubtless due to the fact that most plants, 
especially young ones, absorb ammonium ions more rapidly than 
nitrate. The shift from acidity to alkalinity that sometimes occurs is 
probably due to a depletion of the ammonium ions. 

Even the reaction of the whole culture at the end of a growth period 
cannot be accurately controlled by varying the proportions of am- 
monium to nitrate unless the total application of nitrogen is adjusted 
to growth conditions. Hydrogen-ion determinations have been made 
on all the sand in a pot after growth of the plants in 14 experiments 
conducted at different times of the year. In all experiments the same 
quantity of the 1 /3-ammonium, 2/3-nitrate salt mixture was applied. 
The hydrogen-ion concentrations ranged from pH 4.5 to 6.2 in different 
experiments, and were closely correlated with the diy weights of the 
crop. The more acid reactions were obtained in experiments where 
the growth was less. 

It is not certain that a root zone maintained in a wholly neutral 
condition would be especially favorable for growth. Under such con- 
ditions the plants might suffer from an iron deficiency. When water 
cultures are kept nearly neutral, special procedures have to be fol- 
lowed to keep the plants supplied with available iron. One procedure 
is to grow tlxe plants part of the time in a phosphate-free solution, 
where the iron is more available. Another method is to supply the 
iron in organic form as ferric tartrate or ferric citrate. The solution, 
however, should be renewed frequently, since the iron does not remain 
available long even when supplied in these foims. The ferric tartrate 
dissolves under the influence of sunlight into a ferrous form that reacts 
with potassium ferricyanide, but as the solution is aerated the iron is 
precipitated as ferric hydroxide. A third method that has been fol- 
lowed by Von der Crone {!) and Zinzade {12) is to supply a large 
amount of iron as ferric phosphate. 
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It is probably not sufficiently appreciated that the reaction devel” 
oped where the root is absoibing may be quite different from that of 
the medium as a whole. It was found by one of the authors years ago 
that pineapples and rice became chlorotic owing to lack of available 
iron in calcareous soils but did not become chlorotic in soils rendered 
alkaline with sodium bicarbonate (4). This discrepancy was not 
explained at the time. Since the nitrogen in these experiments was 
supplied as ammonium sulfate, it is probable that the plants developed 
sufficient acidity in the absorption zone to neutralize the sodium bicar- 
bonate in that zone and render iron available, but not sufficient acidity 
to neutralize the calcium carbonate in contact with the roots. Possi- 
bly this theory may explain some of the exceptions found in the distri- 
bution of acid-loving plants. 


SUMMARY 

In a previous publication (S) it was shown that millet does not grow 
so well in pure quartz sand as in quartz sand to which a little soil has 
been added. How the soil admixture improves growth was not shown 
with certainty. An answer to this question is provided by data 
reported in the present paper. 

The beneficial effect of a soil admixture with quartz sand appears to 
be due to the buffer capacity of the soil and to its capacity for supplying 
iron. 

In pure quartz sand unfavorable hydrogen-ion concentrations may 
develop, owing to the nonequivalent absorption of cations and anions. 
If the nutrient salts contain all the nitrogen in the form of ammonium, 
the sand becomes markedly acid ; and if the nitrogen is applied exclu- 
sively as nitrate, the sand becomes alkaline or so nearly neutral that 
absorption of iron is inhibited. If nitrogen is supplied partly as 
ammonium anxl partly as a nitrate, the reaction is markedly acid at 
first, owing to ammonium ions being absorbed more rapidly than 
nitrate ions; later, the reaction developed may be nearly neutral or 
alkaline if the ammonium ions are sufficiently depleted. This occurred 
in experiments in which a salt mixture was used that contained oi:>.e- 
third of the nitrogen as ammonium and two-thirds as nitrate. In 
this case hydrogen-ion determinations made on all the sand in a pot 
at the end of growth showed only the net acidity developed and did 
not show conditions existing near the root at different times during 
growth. Sand adhering to the roots may differ widely in reaction from 
all the sand in a pot. In sand cultures containing soil admixtures, the 
development of unfavorable reactions in the zone of root absorption 
is opposed by the soil colloids. The soil colloids may also improve 
growth by supplying iron in case a nearly neutral or alkaline reaction 
is developed. 

Differences in soil, sand, and water cultures as mediums for growth 
are pointed out, and the importance of considering the hydrogen-ion 
concentration of the zone contiguous to the root, rather than that of 
the whole medium, is emphasized. 
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STUDIES OF SOME FACTORS AFFECTING FRUIT SET- 
TING IN SOLANUM TUBEROSUM IN THE FIELD IN 
LOUISIANA 1 

By M. T. Henderson, formerly agent, ^ and E. L. LeCLERG, pathologist, Division 

of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Agricul- 
tural Research Administration, United States Department of Agriculture 

INTRODUCTION 

Nonfruitfuliiess of the potato {Solanum tuberosum L.) greatly com- 
plicates improvement tliroiigh breeding. Location of the breeding 
operations in areas found by experience to be favorable for fruit 
setting will partly eliminate the handicap. However, the limited 
number of these areas places a serious restriction on the amount of 
breeding work that can be done. 

Nonfruitfulness is due mainly to pollen sterility in many varieties 
or to premature abscission of flowers before fertilization . can occur. 
These handicaps greatly complicate the problem of improvement 
tlrrough breeding by increasing the amount of labor necessary to ob- 
tain seedling populations, by limiting the size of many progenies, and 
by making certain crosses impossible so that many combinations 
cannot be tested. 

In most localities where potato breeding is under way, more atten- 
tion has been given to nonfruitfulness due to pollen sterility than to 
that resulting from premature abscission of flowers. However, under 
controlled conditions in Louisiana, the latter constitutes as great a 
handicap as lack of viable pollen, or even greater. This is true probably 
because environmental conditions are frequently unfavorable for 
fruit setting in bags under field conditions in Louisiana. 

Because pollen sterility and premature flower shedding are to a 
great extent genetically controlled, data showing the degree of both 
conditions in all varieties used as breeding material should have 
practical value. Therefore, these investigations were made to study 

(1) the extent of pollen sterility in named and seedling varieties, 

(2) the effect of bagging of flowers on fruit set, (3) the effect of stage 
of development and number of pollinations on fruit set, and (4) the 
effect of some natural environmental conditions on fruit set. 

EXPERIMENTAL DATA 

EXTENT OF POLLEN STERILITY IN NAMED AND SEEDLING VARIETIES 

Stuart (<S)^ made the following statement with reference to pollen 
sterility in potatoes: 

* * * In plant breeding studies extending over a period of sixteen years it 

lias been the writer’s privilege to examine the stamens of a great many varieties, 
and in but few instances has an abundance of viable pollen been found. The 
data show a very much larger proportion of foreign varieties producing viable 
pollen than of American varieties. Of the many varieties studied * * * only 

1 Received for publication May 25, 1942. Cooperative investigations with the Department of Horti- 
culture, Louisiana AgriculturalExperiment Station. 

2 Italic numbers itf parentheses refer to Literature Cited, p. 75. 
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four were noted which could be regarded as dependable sources from which to 
obtain viable pollen. 

Krantz and Hiitchins {f) credited the prevalence of nonirnitfnlness 
in the potato, due to flower abscission and pollen sterility, with being 
primarily responsible for the paucity of potato-breeding work. 
Stevenson and Clark (7) stated: 

Sterility, or lack of fruitfulness, which is very generally present in potato 
varieties, is the source of the greatest difficulty in sexual breeding, and in spite of 
much study of the condition it remains the greatest handicap of the potato breeder. 

In order to obtain an estimate of the amount of viable pollen present 
in some varieties being used in potato breeding, percentages of pollen 
stainable in acetocarmine were calculated during the flowering seasons 
of 1940 and 1941. Percentages, based on counts of 100 grains from 
each of 3 flowers, and the relative amount of pollen per flower were 
determined for each variety. 

Pollen grains of potato that absorb the acetocarmine stain have a 
nonstaining exine, are spherical in outline, and usually have four 
equidistant germ pores, or small openings, through which the pollen 
tubes emerge. The cytoplasm stains a uniform, deep red and does not 
always have the same shape as the exine; it may vary from spherical 
to almost square with cornerlike projections immediately beneath 
the germ pores. The cytoplasm of normal grains is very finely gran- 
ular. These stainable grains may vary considerably in size within 
a clone. Pollen classed as abortive may vary from shrunken, wrinkled, 
hyaline exines without any trace of cytoplasm to grains normal 
in shape and size but having numerous lightly staining or nonstaining 
alveolate or vacuolelike structures embedded in the differentially 
staining cytoplasm. 

The stainability and relative abundance of pollen of 36 varieties 
and seedling varieties are presented in table 1. From these data it 
appears that the higher percentages of pollen stainable are usually 
associated with relatively large amounts of pollen grains. From 
experience, it appears that only varieties having a medium or abundant 
quantity of pollen and with at least 30 percent of it stainable can be 
used successfully as pollen parents. With a knowledge of the per- 
centage of pollen stainable, a breeding program can be planned with 
a minimum of wasted effort. Approximately two-thirds of the varie- 
ties listed in table 1, representing some of the important breeding 
material in the United States, cannot satisfactorily be used as male 
parents. Obviously, hybridization is seriously limited by the scarcity 
of genetically valuable parents that produce good pollen. 

EFFECT OF BAGGING OF FLOWERS ON FRUIT SET 

A few reports on the influence of flower isolation and t3^pe of iso- 
lator on fruit set of the potato are available in the literature. Sala- 
man {6) and East (^) considered the covering of potato flowers with 
bags as unnecessary and likely to cause injury to the delicate style. 
The former worker stated that “when bagged, the flower invariabK^ 
drops.'' East (f) implied that shutting out light and preventing air 
circniation by bagging reduced the percentage of fruit set. 
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Table 1. — Siainahility and relative abundance of pollen in varieties and. seedling 
varieties of potatoes tested at Baton Rouge, La,, 1940 and 1941 


Variety or seedling 

Pollen stainable 

Relative amount of pollen 

1940 

1941 


Percent 

Percent 


Ackerseg'cn - ■ 

16.0 


Very scarce. 

Albion ■ 

25. 5 

8.3 

Medium. 

"Arnic'a * .... 

45.3 


Do. 

Chippewa - 

n. 0 

7.5 

Scarce. 

Earlaine L..- 

62.5 

42.7 

Abundant, 

Early Rose .... . 

12. 5 

1.0 

Very scarce. 

G reen Mountain ....... 

16. 1 


Medium. 

Hindenburg ’ 

51. 6 

44.0 

Do. 

Houma 

6.7 

5.0 

Very scarce. 

I rish C obbler ..... 


3.7 

Scarce. 

Katahdin L.. . 

72.0 

56. 7 

Abundant. 

Pennigan 

16. 0 


Very scarce. 

Pontiac 


45. 0 

Scarce. 

Richter Jiibel 

3^6 

20.0 

Medium. 

Sebago 

16.6 

3.0 

Scarce. 

Sebec ^ - - 


70. 7 

Abundant. 

Sequoia 

38.1 

(2) 

Scarce, 

Shamrock V 

45.5 

45. 5 

Medium to abundant. 

Triumf ^ 


38.7 

Medium. 

Triumph - - 

8.7 

6.7 

Very scarce. 

S45941 • 

55.3 


Medium. 

S46000 

9.5 


Very scarce. 

S46442 L... 

59.1 

M.O 

Medium. 

S46244 


11.3 

Abundant. 

S46926 1 

46.0 


Medium to abundant. 

547140 

73.0 


Very scarce. 

S47142... 


5.0 

Do. 

S47148-.,.., 

25. 3 


Scarce to medium. 

S47182 b., 


31. 0 

Medium. 

S47194., 


1.3 

Medium to abundant. 

S47402 

19.5 


Scarce to medium. 

B-127.-- 

26.4 

23.0 

Medium. 

X570-84 1 

32.3 

40.0 

Abundant. 

Y528-34 ■ 


3.0 

Scarce. 

X528-170 1 


46.0 

Abundant. 

X 528- 175 


4.5 

Medium. 






> Variety that can be feasibly used as pollen parent. 
2 No pollen. 


However, vStiiart (8) stated: 

While it is true that the pistil of the flower is easily broken off, and that few 
insects visit the flowers, it is not necessarily true that the inclosure of the emascu- 
lated flowers in paper bags causes any more of them to drop off than if left un- 
covered, provided the operator follows the suggestion given relative to including 
as much foliage with the flowers as is possible. 

And Limdeti (5) stated:^ 

For the control of pollination sometimes parchment bags and sometimes manila 
bags were used. Where it has been difficult to get a good development of the tops 
in small closed bags, large bags were used, enclosing part of the upper leaves in 
the bag. In this way the danger of foreign pollination is practically excluded, 
while giving a chance for some ventilation. This method has given good results. 

Ilspenskii (9) listed three methods of isolation in general use in 
Russia, namely, encicsing in cloth or parchm.ent hags and covering 
the pollinated stigma by a short piece of straw tube. He reported that 
isolation on the whole tends to lower the percentage of fruit set as 
compared with that of nonisolated controls. Of the three kinds of 
isolation, parchment bags gave the best fruit set, and the straw iso- 
lators gave the lowest percentage of seed. However, when pollina- 
tions were made during rainy weather, the straw isolators ranked 

3 From translation by Maryareta Ahlouist; made under the supervision of F. A. Krantz, Division of 
Hcrticulture, Minnesota Agricultural Experiment Station. [Pro ces.'^ed.] See p. 25. 
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highest in percentage of fruit set and parchment bags ranked higher 
than the unbagged controls. He explained this difference by the fact 
that isolators protect the stigma from rain. 

Stevenson and Clark (7) stated that in the potato-breeding work of 
the United States Department of Agriculture at Beltsville, Md., the 
emasculated and i^ollinated inflorescence is enclosed in a 1 -pound paper 
bag. 

In the present work the fruit set under two kinds of bags, lo:*aft- 
paper bags and cheesecloth bags stretched over wire frames, was 
tested in comparison with that of nonbagged controls in 1940. In 
1941 only kraft-paper bags were used. 

Plants that had severarbuds per cyme in the proper stage for making 
pollinations were selected. Only buds that would have opened nor- 
mally within the next 2 days were chosen for the test, and all open 
flowers and immature buds on the selected cymes were removed. 
Usually three to six buds per flower cluster were left for pollination. 
On these buds about three-fourths of each calyx and corolla was re- 
moved with a pair of sharp-pointed tweezers, exposing the stamens 
and pistil. Emasculation was accomplished by placing the point of 
the tweezers against the inner surface of the firm fleshy anthers and 
pushing outward. In this manner the anthers were broken off just 
below their base with the least amount of injury to the slender, easily 
broken, pistil. Furthermore, this method eliminated the danger of 
leaving portions of anthers, which occurs often when the anthers are 
pulled away. Immediately after emasculation the flowers were pol- 
linated by holding them at the base and dipping the stigma into a 
mass of fresh pollen collected in a small shallow container. 

In each case a small amount of foliage was enclosed in the bag 
with the cyme. This practice has been found to increase the percent- 
age of fruit set, probably because the leaves maintain higher humidity 
and lower temperatures in the bags than would be the case without 
them. A small cardboard tag on which all essential information was 
recorded was attached to the stem by a string. After pollination each 
cyme was enclosed in one of the two types of bags used in the test. 
Care was taken to prevent injury to the flowers. 

The results of controlled pollinations obtained under field conditions 
in the course of controlled pollination work in 1940 indicate that, at 
least in this experiment, fruit set with both methods of bagging was 
lower than in the nonbagged controls (table 2). Kraft-paper bags 
yielded slightly better results than cheesecloth bags. During 1940 
the environmental conditions were unfavorable for fruit set, as the 
temperature was relatively high and soil moisture and atmospheric 
humidity were low. Very few naturally pollinated fruits were formed 
on Katahdin plants in the same field. 

The results of controlled pollinations for 1941 substantiate those 
obtained in 1940, in that bagging of flowers caused a substantial reduc- 
tion in percentage of fruit set as compared with that in nonbagged 
controls (table 2) . In 1941 the weather conditions from May 2 to 4 
were considered favorable for fruit set, so that the difference obtained 
on May 2 probably represents more nearly the condition one woulcl 
normally expect. The maximum temperature had become relatively 
high for fmit setting by May 7. 
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Table 2. — Effect of bagging on fruit set at Baton Rouge, La,, in 1940 and 1941 
CONTROLLED POLLINATIONS UNDER FIELD CONDITIONS 


Isolation treatment 

Date of treatment 

Vai'iety 

Nature of 
pollination 

Flowers 

polli- 

nated 

Flowers setting 
fruits 

Kraft-paper bags 

Cheesecloth bags, 

^ Do..,., 

May 1, 1940 

do 

Katahdin..... 

do : 

Selfing 

...do 

Number 

130 

31 

Number 

3 

0 

Percent 

2.3 

.0 

.....do ! 

Katahdin X (X570-84) . . 
Katahdin .... 

Cross 

32 

0 

.0 

None 

do I 

Selfing 

...do 

110 

18 

16.3 

Kraft-paper bags 

May 2, 1941... J 

do 

81 

16 

19.8 

None - 

do 

do ----! 

...do 

75 

21 

28.0 

Kraft-i3aper bags 

May 7, 1941 

do i 

...do 

49 

0 

.0 

None 

do. 

do... - ^ 

.. .do 

37 

5 

13.5 







REGULAR POLLINATIONS IN FEDERAL BREEDING PLOT 


Kraft-paper bags 

Spring, 1940 

Many 

Crosses.--. 

466 

79 

16. 9 

None.*. .1 

do 

dTo- 

...do 

292 

58 

19.8 






The results of regular pollinations made in the spring of 1940 in the 
Federal breeding plots are also presented in table 2. These data, 
which, represent the result of crosses of many different varieties and 
seedlings, tend to substantiate the previous findings that a slightly 
higher percentage of nonbagged flowers developed into fruit than did 
bagged ones. 

The results of all trials uniformly show that isolation with cheese- 
cloth or kraft-paper bags was detrimental to fruit setting under 
Louisiana conditions during 1940 and 1941. The cheesecloth bags 
were unsatisfactory in several respects. Wire frames had to be used 
in conjunction with them; more time was spent in applying them than 
paper bags; injury to essential flower parts was greater than when 
paper bags were used; and the fruit set was lower than when kraft- 
paper bags were used. On the other hand, kraft-paper bags, if used 
when weather conditions were generally favorable to fruit setting, 
gave a satisfactory percentage of successful pollination, allowing the 
breeder to obtain adequate seed supplies with assurance of purity. 

It would appear from the literature and the results herein presented 
that any method of isolation of potato flowers will reduce fruit set 
because of their sensitivity to even slightly unfavorable environmental 
conditions. Bagging affects the temperature and humidity immediately 
surrounding pollinated flowers, probably causing more unfavorable 
conditions than prevail under normal field conditions. 

EFFECT OF STAGE OF FLOWER DEVELOPMENT AND OF NUMBER OF POLLINATIONS 

ON FRUIT SET 

There is no generally accepted policy among potato breeders con- 
cerning the number of pollinations necessary to give maximum fruit 
set or the optimum stage of flower development for such pollinations. 

Stuart (8) recommended that flowers for controlled pollinations be 
emasculated 24 hours before the buds normally open. Pollen was 
then applied 1 or 2 days after emasculation. Uspenskii (9) stated 
that in controlled pollinations in Russia, 2 to 3 days elapse between 
the time of emasculation and pollination. Apparently, only one pol- 
lination is practiced. Flowers were enclosed in isolators from the 
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time of emasculation. Uspenskii presented evidence indicating that 
pollination repeated three times at different hours of the day gave a 
low percentage of fruit set and stated that this may be due to un- 
necessaiy irritation or injury of the stigma in the pollmation process. 
From his results it appeared that repeated pollination decreased the 
percentage of fruit set when made during the afternoon and increased 
fruit set when made during the morning. 

During 1940 data were collected to determine the effect of one and 
two pollinations, respectively, on fruit set. In both seasons the 
Katahdin variety was selFpollinated. Buds were selected that would 
normally have opened within 1 or 2 days. All flowers included in the 
test were emasculated, and the first poliination was made at that time. 
Those flowers given two pollinations were repollinated approximately 
24 hours after emasculation and the first application of pollen. None 
of the cymes was bagged. In 1941 the work was broadened to include 
the influence on fruit setting of the stage at which flowers were pol- 
linated. In addition to the two treatments given in 1940, some 
flowers were not pollinated at the time of emasculation but were given 
a single application of pollen about 24 hours after emasculation, or at 
about the time they would ordinarily be repollinated. The test was 
conducted over a 2-day period. 

The results given in table 3 indicate that pollination at the time 
of emasculation was relatively ineffective in inducing fruit set. Also, 
the results suggest that, with two pollination treatments, beginning 
on the date of emasculation, the second application of pollen is far 
more effective than the first. Since there was apparently little or no 
difference in fruit setting from a single pollination made on the day 
following emasculation and from twn pollinations, one on the day of 
and another on the day after emasculation, the former method seems 
preferable and more efficient from the standpoint of time and labor. 

The two most probable reasons for poor fruit set from pollination 
at the time of emasculation seemed to be either that the stigma was 
not receptive and pollen would not germinate and penetrate the style 
at the time, or the pollen germinated and the tubes penetrated the 
style but the ovules were still immature and incapable of being 
fei’tilized. The first explanation appears logical when it is recalled 
that emasculation was performed while the flower was in the bud 
stage, about 1 or 2 days before anthesis. However, a high percentage 
of pollen grains placed on the stigmas of emasculated buds germinated 
quickly and penetrated the style in a normal manner, apparently 
eliminating the first hypothesis. It appears probable that the ovules 
are too immature to permit fertilization in the bud stage, and most of 
the pollen tubes from pollen applied to the stigma at this time deteri- 
orate without effecting fertilization. 

EFFECT OF SOME NATURAL ENVIRONMENTAL CONDITIONS ON FRUIT SET 

References have been frequently made to the striking influence of 
environment on fruit setting under controlled pollination in the potato. 
Young (10) stated that degenerative changes in the ovule and embryo 
sac result from unfavorable environmental conditions which cause 
blasting of the flowers, Krantz and Hutchins (4) and Krantz et al. 
{S) obtained conclusive evidence that flower abscission is influenced 
to a considerable degree by environment. 
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Table 3. — Effect of one and two pollinations on fruit set of selfed Katahdin potato 

under field conditions 


Pollinate'^— 


Date of first pollmation 

At emasculation 

24 hours after 
emasculation 

■ 

xlt emasculation and 

24 hours later 


Flowers 

Flowers 

Flowers 

Flowers 

Flowers 

Flowers 


pollinated 

setting fruit 

pollinated 

setting fruit 

pollinated 

setting fruit 

mo 

Number 

Percent 

Number 

Percent 

Number 

Percent 

April 15-20 

62 

1.6 



59 

42.2 

1941 

April 30 

. 78 

.0 

87 

17.2 

88 

1.1 

May 1- 

88 

10.3 

78 

25.6 

75 

28. 0 

Total or average 

166 

5. 1 

165 

21.4 

163 

14.5 


Semsrotli, according to Clark (i), found that the best climatic con- 
ditions for the setting of fruit were a low daily mean temperature 
(about 65^ F.) with a low maximum temperature (about 72°). A 
poor set resulted from a high mean daily temperature of 70° or higher, 
from a very low minimum and a high maximum, and from a relatively 
low air humidity and heavy showers on the days of emasculation and 
pollination. 

Stevenson and Clark (7) stated: 

Because of the effect of environment on the fruitfulness (seed production) of 
potato plants, it is diflScult, if not impossible, for many of the State experiment 
stations interested in some aspect of potato-breeding work to produce true seed. 

* * * Certain Northern States and other States with mountainous regions 

where potatoes can be grown at high elevations are especially favored ***** 

***** But seed setting is also influenced by environmental factors to a 
marked degree. Some varieties will set seed under a wide range of conditions, 
while others have never been known to set seed even under favorable conditions. 

* * * Conditions are favorable nearly every season at Presque Isle. A few 

other places in the United States have been found favorable for seed production 
* * *. At Estes Park, Colo., which has an elevation of 7,500 feet, seed sets 

in most years quite readily. 

In 1940 and 1941, during the course of the regular* breeding work at 
Baton Kouge, La., records were kept of the date of pollination, number 
of flowers pollinated, and the number of fruit set. Compilation of 
these data according to date of pollination brought out some interesting 
relationships between environment and fruit setting in the potato. 
The data for the 2 years are presented in table 4. 

From the data in table 4, it is apparent that in 1940 the percentage 
of flowers that set fruits was progressively less each day after pollina- 
tion work was started on May 2. A record of weather conditions at 
Baton Kouge for this period indicates that the mean temperature 
varied markedly during the pollination period. May 2 to May 15. 
The mean temperature during the 10 days preceding May 2 was 
relatively low, and the minimum temperature for May, 51° F., was 
recorded on May 2. Beginning with May 4, the mean temperature 
rose gradually until the highest tempeiuture for the month, 90°, was 
recorded on May 16. The weather report for the period shows 2.5 
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inches of rainfall during the 10 days previous to May 2, which was the 
first and most successful date of pollination. This provided high soil 
moisture and atmospheric humidity for development of the flower 
buds during the first 2 or 3 days of pollination. On each date after 
May 2 soil moisture and atmospheric humidity became noticeably 
lower. Kising daily temperatm'es and declining soil moisture char- 
acterized the period from May 4 to May 15 and probably were the 
principal causes of the low fruit set after May 4. Very few naturally 
pollinated fruits developed on normally highly fertile varieties during 
that period; this also indicates the influence of unfavorable weather 
conditions. Thus, it seems that a combination of declining soil 
moisture and humidity and rising daily temperatirres was probably the 
most influential factor in the daily decrease in percentage of flowers 
that set fruits from May 2 to May 8. 


Table 4. — Fruit set on different dates of 'pollination during the regular pollination 
work, Baton Rouge, La., in 1940 and 1941 


Date of pollination 

Flowers 

pollinated 

Flowers 
setting fruit 

Date of pollination 

Flowers 

pollinated 

Flowers 
setting fruit 

IHO 

Number 

Percent 

Continued 



May2.- 

141 

46. 0 


Number 

Percent 

3 

113 

26.5 

April 21. 

114 

20.2 

4. 

103 

20.4 

22 

167 

23.4 

6 

116 

9.5 

23 

84 

17.9 

7 

118 

6.8 

25 

207 

12.5 

8. 

40 

5.0 

26 

82 

15.8 

10 

11 

0 

28 

125 

28.8 

11, 

56 

0 

29 - 

10 ! 

20.0 

15 

49 

0 

30 

139 

7.2 




May 1— 

132 

15. 9 

1941 



4 - 

42 

19.0 

April 18... 

40 

12.5 

7 ... 

65 

15.4 

19 

105 

17.1 

8 

93 

23.7 

20 

127 

21.3 

9 - 

90 

25.6 








The results for the 1941 season (table 4) do not show the adverse 
influence of environment which characterized the previous season. 
In 1941 conditions were generally more favorable for fruit setting, 
since no extreme fluctuations in temperature and soil moisture 
occuiTed. Furthermore, rainfall was well distributed over the period, 
being recorded as follows: 0.10 inch, April 25; 0.13 inch, April 26; 
0.60 inch, April 29; 1.64 inches, April 30; and 0.31 inch, May 1. How- 
ever, no rain fell after May 1 until May 24; the total precipitation 
for the month was 4.62 inches below normal. Most of the variations 
in fruiting during 1941 can be accounted for by differences in male and 
female parents used on the various dates of pollination. 

As the temperature is generally high during May in Baton Rouge, 
it seems advisable to plant parental breeding material in the field 
early enough for pollination work to start by April 15 to 20. The 
results obtained on fruit set during the latter part of April and early 
May in 1941 indicate that ordinarily no trouble should be encountered 
in securing adequate seed supplies in Louisiana. 

DISCUSSION AND SUMMARY 

Results of the investigations on the prevalence of nonfruitfulness 
in potato varieties due to pollen sterility and premature abscission of 
flowers generally substantiate the reports ox other workers in different 
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regions. However, the data do show that an encouraging number of 
fruitful varieties and seedling varieties possessing superior germ plasm 
are available to the potato breeder. Records on fruitfulness of varie- 
ties should have practical application in enabling the breeder to make 
more efficient use of the available material. 

Isolation of potato flowers to prevent contamination with for- 
eign pollen by enclosing the flower clusters in kraft-paper or cheese- 
cloth bags was detrimental to fruit setting in Louisiana during the 
1940 and 1941 seasons. The reduction in fruit set from the use of 
bags was apparently due in the main to alteration of temperature and 
humidity relations around the flowers. Of the two types of bags 
used, kraft-paper bags proved most satisfactory from the standpoint 
of time required in application. The results indicate that under 
reasonably favorable weather conditions adequate supplies of seed 
can be secured under kraft-paper bags in Louisiana. 

Application of pollen at the time of emasculation of flowers (in the 
bud stage) was relatively int^ffective in inducing fruit set in the Katah- 
din variety. Results with only one pollination 24 hours after emascu- 
lation indicate that this method was as efficacious as pollination 
simultaneously with emasculation, followed by a second pollination 
24 hours later. In view of the results secured in this study, it would 
seem advisable to emasculate and bag potato flowers one day and 
apply pollen on the following day. 

High temperature and low moisture or low moisture proved unfavor- 
able to fruit setting in the potato. The results reported are in close 
accord with the findings of other investigators and demonstrate the 
marked sensitivity of fruiting in the potato to the environment. En- 
vironmental conditions favorable to general growth are apparently 
favorable to fruiting. Thus, it is advisable that, in conducting a 
potato-improvement program by breeding, the breeder should arrange 
to have the pollination work come during a period in which relatively 
low temperature and adequate soil moisture conditions normally 
prevail. 

Natural cross-pollination in potatoes, although not investigated in 
the work herein reported, is undoubtedly possible, and it may occur 
to a small degree in unbagged flowers under field conditions in Louisi- 
ana. The extent of cross-pollination cannot be stated for any region 
with any degree of precision. The potato breeder should recognize 
this possibility of contamination with foreign pollen in conducting 
pollination work, and each worker must make the decision as to 
whether bagging of flowers, with consequent loss of time and labor 
and lower percentage of fruiting, is necessaiy or advisable to his pro- 
gram. It may be argued that the degree of crossing is so low as to 
be negligible in the ordinary breeding program, especially where no 
genetic interpretation is to be placed on the results. Nevertheless, 
in obtaining seed for use in genetic studies, isolation of flowers by 
some method of bagging would seem advisable. 
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ISOLATION OF CERATOSTOMELLA ULMI FROM INSECTS 
ATTRACTED TO FELLED ELM TREES > 

By T. H. Jones,2 entomologist^ Division of Forest Insect hivestigations, 

Bureau of Ento7nology and Plant Quarantine, and C. S. assistant pathoU 

ogist, Division of Forest Pathology, Bureau of Plant Industry, Agricultural 

Research Administration, United States Department of Agriculture^ 

INTRODUCTION 

The role of insects in the dissemination oi Ceratostomella '?^/miBuis- 
man, the fungus that causes the Dutch elm disease, seems to be 
twofold. The insect contaminated with the fungus may feed directly 
on a living elm tree and thereby cause infection, or it may establish C, 
uhni in dead or dying elm wood, whence its progeny or other insects 
may carry the fungus when they emerge. A knowledge of what 
insects are involved, and of their relative importance, is an essential 
part of the foundation upon which measures for the eradication and 
control of the disease must be based. 

During the years 1936-39 insects were collected from recently 
felled elm trees at selected locations in New Jersey and New York. 
For the most part these insects were species known to breed in elms. 
They were later cultured to determine what species w^ere carrying 
Ceratostomella ulmi, and to find the percentage of individuals of each 
species that were contaminated with the fungus. The results of this 
investigation are presented in this paper. 

METHODS OF COLLECTING AND CULTURING INSECTS 

The insects were taken from the surface of the bark of healthy 
American elms {JJlmus americana L.) that had been felled and placed 
horizontally on supports about 2 feet from the ginund. They were 
collected individually in new gelatin capsules, care being taken to 
prevent contamination. The insects were sent by mail daily to the 
Morristown, N. J., laboratory, where they were identified without 
being removed from the capsules and refrigerated at 5° C. or lower 
temperatures until they w^ere cultured. 

The insects were cultured individually according to the following 
method, a modification of that described by Walter. A Petri dish 
containing two pieces of filter paper and a chip from a small twig of 
seasoned elm was autoclaved for 20 minutes at 15 pounds^ pressure 
and moistened with 4 cc. of sterile distilled water. The insect was 
then crushed on the chip with a sterile forceps, and the Petri dish was 

1 Received for publication February 25, 1942. The investigation reported was a cooperative one between 
the Dutch Elm Disease Eradication unit and the Division of Forest Insect Investigations of the Bureau of 
Entomology and Plant Quarantine, and the Division of Forest Pathology of the Bureau of Plant Industry. 
Members of the Dutch Elm Disease Eradication unit cut, placed, and later removed tne elm trees from 
which the insects were collected, and employed men to collect and culture these insects. 

2 Died Feb. 22, 1941. 

J* The writers wish to acknowledge their indebtedness to those members of the three cooperating agencies 
who assisted in this work in various ways, especially the following members of the Bureau of Entomology 
and Plant Quarantine: To C. H. Hoffmann for determining many of the insects, to D. 0. WWonbarger for 
assistance in supervising the field work in 1936, to R. R. Whitten for advice regarding the sampling method 
used in 1939, and to A. E. Lantz for preparing the figures that accompany this article. 

i Walter, J. M. technicue advantaoeous for the isolation of ceratostomella ulmi from bark 
BEETLES. (Abstract) Phytopathology 25: 37-38. 1935. 
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incubated for about 20 days at 10° to 15° C. Since the typical fruiting 
structure of the imperfect stage of Ceratostomella ulmi is a coremium 
about 1,200 to 1,500/i in height, it is fairly conspicuous, especially 
when observed under a binocular dissecting microscope. Transfers 
were made from the coremial heads to malt or potato-sucrose agar 
plates with a sterile needle. Identification of C. ulmi was made_ by 
microscopic examination of the colonies produced by these transfers. 
This procedure was necessary because coremia-forming fungi other 
than 0. ulmi w^ere sometimes present in the cultures. 

INVESTIGATIONS IN 1936 


In 1936 three felled trees w-ere installed on May 18 in sunny situa- 



Figitbe 1. — Locations in New Jersey and New York where insects were collected. 
Insert shows major zone of Dutch elm disease infection as known in December 
1935 and within which the insect collections were made. 


tions at each of six places in New Jersey where elm trees affected by 
the Dutch elm disease had been removed previously in some numbers. 
These locations were in Basking Eidge, Westfield, BloomEeld, Ead- 
burn, Millburn, and West Caldwell (fig. 1). After 2 weeks one of the 
trees at each location was removed, burned, and replaced by a newly 
felled tree* This procedure was repeated every 2 weeks so that three 
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felled trees were exposed at all times at each location and no tree was 
left longer than 6 weeks. 

A man was assigned to each location with instructions to collect 
all adults seen on the bark of the trees. It might be expected that 
numerous individuals of species having no intimate connection with 
elm would be taken, but as a matter of fact most of the insects taken 
were of species. known or suspected to develop in elm, either by feeding 
in the wood and bark or as parasites and predators on insects breeding 
in elm. 

The collectors worked at all locations from May 25 to September 9, 
and some of them for a few days before or after this period. Each 
man was on duty on week days from 8 a. m. to 4:30 p. m,. (eastern 
daylight-saving time) and on Saturdays from 8 a. m. to noon, except 
that once each week his hours were from 4 p. m. to midnight. At night 
the m.en used electric lanterns to aid them in finding insects on the 
trap trees, but no trapping devices other than the felled trees were 
employed. 

Table 1. — Isolation of Ceratostomella ulmi from insects collected at six selected 
locations in New Jersey in 1936 


Insect 


Goleoptera: 

Scoiytidae: 

Scolytus multistriatus (Marsh.). 

Scolytus sulcatus Lee 

Hylurgopinus nifipes (Eich.)... 

Xylosandrus germanus Bldfd 

Xyleborus sp 

Chramesus hicoriae Lee 

Other Scoiytidae 

Bostrichidae: Xylobiops basilaris (Say) 

Cerambycidae: 

Saperda tridentata Oliv 

Neoclytus acuminatus (F.) 

Xylotrechus colonus (F.) 

other Cerambycidae 

Buprestidae: 

Chrysobothru femorata (Oliv.) 

Anihaxia viridifrons Gory 

Other Buprestidae 

Curculionidae: 

Magdalis armicollis (Say).. 

Magdalis barbita ( Say) 

Magdalis inconspicua Horn 

Conotrachelus anaglypticus (Say) 

other Curculionidae. 

Cleridae: 

Enoclerus quadriguttatus (Oliv.) 

Chariessa pilosa (Forst.) 

Other Cleridae 

Histeridae: 

Flatysoma coardatum Lee. 

0 ther Histeridae 

Lampyridae 

Nitidulidae: Colopterus semitedus (Say) . . 

Corylophidae: Molamba &p 

Melandryidae: Synchroa pundata Newm. 

Elateridae 

Tenebrionidae 

Chrysomelidae: Microrhopala vittata (F.). 
Hymenoptera: 

Xiphydriidae: Xiphydriasp 

Braconidae: Capitonms saperdae 

Formicidae ........ 

Hemiptera: 

Membracidae: 

Stidocephala lutea ( Walk .) 

Other Membracidae 

Pentatomidae: Brochymena sp. 


Insects 

cultured 

Insects from 
which C. 
was isolated 

Number 

Percent 

7, 209 

6.9 

1 

0 

139 

4.3 

826 

.2 

25 

0 

1 

0 

1 

0 

114 

1.8 

78 

0 

555 

0 

89 

0 

2 

0 

202 

0 

83 

0 

2 

0 

1, 419 

.1 

338 

0 

474 

0 

143 

. 7 

2 

0 

9 

0 

15 

0 

1 

0 

3 

0 

2 

0 

27 

0 

1 

0 

1 

0 

9 

0 

37 

0 

1 

0 

4 

0 

2 

0 

5 

0 

58 

0 

65 

0 

3 

0 

1 

0 

11,947 




Total, 
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The insects collected and cultured in 1936, as well as the percentages 
yielding Ckratostomella ulmi, are given in table 1 . The species showing 
the highest percentage of infection were Scolytus multistriatus (Marsh.) 
and Hylurgopinus rufipes (Eich,), and the fungus was isolated from 
four other species. 'Fhe numbers of S. multistriatus and H. rufipes 
collected at each of the six locations, and the percentages from which 
C. ulmi was obtained, are shown in table 2. 

Figure 2 shows graphically how the numbers of Scolytus multi- 
striatus taken during weeldy collection periods at all locations, and the 
percentages of these beetles found to be contaminated with Ceratosto- 
mella ulmi, varied throughout the season. Only five beetles were 
collected during the May 24-31 and the September 13-19 periods in 
1936, and it is on these limited numbers that the indicated 20 percent 
of contaminated beetles is based. The small number of S. multi- 
striatus adults taken between July 12 and 25 is interpreted as being 
due to the fact that this period fell between the peaks of abundance of 
adults of the first and second generations. 

The number of collected adults of the various species known to 
breed in elm cannot be used as a basis for estimating the comparative 
abundance of these species, even in the immediate vicinity of the trap 
trees. It is certain, for instance, that had the trees been installed 
earlier in 1936 and in the subsequent years in which the investigation 
was conducted, more Hylurgopinus rufipes would have been collected. 
Sixty percent of the insects collected were Scolytus multistriatus. This 
species is recognized as the most important insect vector of the Dutch 
elm disease fungus in this country. 

Since the sex of Scolytus multistriatus adults can be determined 
readily, it was deemed advisable to ascertain whether a greater per- 
centage of one sex than of the other was carrying the fungus. The sex 
was determined before the beetles were cultured. Males composed 
71.2 percent of the total number, no doubt because the males run 
about more on the surface of the bark than do the females and were 
thus more often seen by the collectors. Ceratostomella ulmi was 
isolated from 6.9 percent of the males and from 7.1 percent of the 
females. 
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Figuke 2. — Numbers of Scolytus multistriatm adults collected during the seasons 
of 1936-39, and the percentages of these beetles contaminated with Ceratosto- 
mella ulmi during the first 3 years. Collections from six locations in New 
Jersey have been combined for the periods indicated. 

INVESTIGATIONS IN 1937 

Freshly cut elm trees were installed on May 17, 1937, at the same 
places in New Jersey in which insect collections had been made during 
1936. Trees were also installed at eight additional places — Noiwood, 
Earitan, and Dunellen, N. J., New City, Scarborough, and Buchanan, 
N. Y., and Eossville and Graniteville on Staten Island, N. Y. (fig. 1). 
Four trees were placed at each location, three in a sunny situation and 
the fourth where it would be shaded most of the time. The trees in the 
sunny situation were later removed and replacements made as in 1936. 
The tree in the shady location was removed every 4 weeks and another 
put in its place. 

Since in 1936 Ceratostomella ulmi was isolated more frequently from 
Scolytus multistriatus and Hylurgopinus rujipes than from the other 
species, and since these species are considered to be the most important 
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insect carriers of O. ulmi in the United States,*^ the collections of 1937 
were limited to these two species. 

The collectors began work on May 17, but they captured no bark 
beetles until May 24. At the six sites used in 1936 collecting was 
continued until September 5, but at the eight additional sites it was 
discontinued on July 14. The men were at each location on alternate 
days only, instead of daily as in 1936. 

No ni^ht collecting was done in 1937. The men worked from 9 
a. m. until 6 p. m., for it had been found in 1936 that 8 a. m. was early 
for insect activity and that activity continued after 4:30 p. m. There- 
fore, they probably captured more insects during any one day than 
had the hours been the same as in 1936. Because of this change in 
hours, because collections were made only on alternate days at any 
one place in 1937, and for other reasons the difference in numbers of 
Scolytus multistriatus or Hylurgopinus rufifes taken during the 2 
years does not represent yearly fluctuations in abundance of either 
species. 

The methods of identifying and culturing the insects in 1937 were 
sirnilar to those in the previous year. The numbers of Scolytus multi- 
striatus and liylurgopinus rufipes taken at each location and the 
percentages of each yielding Ceratostomella ulmi are shown in table 2. 
As in 1936, U. tiZmi was isolated from a higher percentage of S. multi- 
striatus than of H. rufipes. The combined number of S. multistriatus 
taken at the six locations during approximately weekly periods and 
the percentages of these beetles from which C, ulmi was isolated are 
indicated in figure 2. 

The sex ratio of Scolytus multistriatus approached that in 1936, 
In 1937, 76.6 percent of this species were males. Ceratostomella ulmi 
was isolated from 6.0 percent of the males and from 5.0 percent of the 
females. 

INVESTIGATIONS IN 1938 

In 1938 four trap trees were again put in place at each of the six 
sites used in 1936 and 1937. Three trees were again placed in a sunny 
situation and one in a shaded position. The schedule for removing 
the trees and replacing them by others was the same as in 1937. 
Collectors were at each location on alternate days from May 16 to 
September 17. Their hours were the same as in 1937, and they again 
collected only Scolytus multistriatus and Hylurgopinus rufipes. 

Table 2 includes the numbers of the two species taken at each of 
the six locations, and the percentages of each from which Ceratostomella 
ulmi was obtained. Figure 2 indicates the combined number of 
Scolytus multistriatus taken at the six sites during intervals of ap- 
proximately a week throughout the collecting season, and the per- 
centages of these beetles from which C. ulmi was cultured. No 
separation of the sexes of S. multistriatus was made in 1938. 

From figure 2 it will be noted that many more Scolytus multistriatus 
were collected in 1938 than in either of the 2 previous years, particu- 
larly in the early part of the season. The marked increase is believed 
to be due to the fact that numerous elms near four of the sites had 
been treated with dry copper sulfate late in 1936 or early in 1937. 
These elms were of sm.all value, and the Dutch Elm Disease Eradica- 

DUTCH ELM DISEASE IN THE UNITED STATES AND ITS INSECT VECTORS 

West. Shade Tree Conf. Proc. 5: 49-54. 1938. ■ 
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tion unit treated tliern with the chemical for the purpose of killing 
them and thus reducing the number to be inspected for external 
symptoms of the disease.® When the work was done it was not ex- 
pected that bark beetles would attack these chemically treated trees. 
They did, however, and many of the S. multistriatus adults that were 
taken from the trap trees in 1938 may have originated in these trees. 
Conversely, it is also probable that the treated trees influenced the 
number of S. multistriatus collected from the trap trees in 1937, be- 
cause the trees treated with copper sulfate were m.ore attractive to 
the beetles than were the trap trees. 

Figure 2 also indicates that a larger percentage of Scolytus multi- 
striatus beetles collected during the latter part of 1938 were con- 
taminated with Ceratostomella ulmi than of the beetles collected 
earlier. Most of these contaminated beetles were taken from one 
location, where the collections were comparatively large. 


INVESTIGATIONS IN 1939 


The procedure followed in installing the trap trees and collecting 
insects in 1939 was the sam.e as that used in 1938. The collectors re- 
ported for duty on May 22 and worked until September 16. 

It was im.possible to culture all the Scolytus multistriatus beetles 
collected in 1939. Consequently, the capsules containing those beetles 
taken at each location were thoroughly mixed, and 20 sam.ples of 20 
beetles each were drawn at random and then cultured in the usual 
manner.^ The culture results were analyzed statistically according to 
standard methods. Table 2 indicates the number collected at each 
location and the percentages from which the fungus was obtained. 

Figure 2 shows the total num.ber of Scolytus multistriatus taken at 
the six sites at intervals of approxim.ately a week. Since the collec- 
tions for the entire season were combined, it is impossible to show the 
weekly variation in the percentages of beetles carrying the fungus, as 
has been done for previous years. 

All Hylurgopinus rujipes adults collected in 1939 were cultured. 
The number taken at each location and the percentages of each from 
which the fungus was obtained are given in table 2. 

SUMMARY 


Experiments were conducted from 1936 to 1939 to ascertain what 
species of insects were carrying the Dutch elm disease fungus {Cera- 
tostomella ulmi Buisman) and from what percentage of each of these 
species the organism could be isolated. Insects attracted to felled 
healthy elm trees placed at several locations in New Jersey and New 
York were collected, identified, and cultured. 

In 1936 all adult insects found on the surface of the bark of felled 
elms at six sites in New Jersey were collected and cultured. They 
included identified individuals of 23 species and many other speci- 
mens that were determined only to family or genus. Ceratostomella 
was isolated most frequently from two species of elm bark beetles, 
Scolytus multistriatus (Marsh.) and Hylurgopinus rufipes (Eich.). It 
was also isolated from four other species of Coleoptera, namely, 


8 Brewer, E, G., and Middleton, W. dutch elm disease eradication; Japanese beetle control; 
EUROPEAN CORN BORER AND GYPSY MOTH CERTIFICATION. JoUr. Econ. Ent. 31: 577-583. 1938 
7 In 1939, all the culture Work was done under the supervision of 1 ^. M. Fenner and E. G. Kelsheimer of 
the Bureau of Entomology and Plant Quarantine. ’ 
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Xylobiops basilaris (Say), Conotrachelus anaglypticus (Say), Xylosan- 
drus germanus Bldfd., and Magdalis armicollis (Say), 

Because of the results of the 1936 experiment, and because Scolytus 
multistriatus and Hylurgopinus rvfipes are considered the most impor- 
tant insect vectors of Ceratostomella ulmi in the United States, only 
adults of these two species were cultured in 1937, 1938, and 1939. 
They were collected at the same six locations as in 1936 Many more 
S. multistriatus than H. rujipes were taken. (7. ulmi was obtained 
from 6.9, 5.8, 7.7, and 5.71 percent of the S. multistriatus, and from 
4.3, 2.4, 3.3, and 0.7 percent of the H. rujipes, cultured in 1936, 1937, 
1938, and 1939, respectively. The percentage of beetles contaminated 
with Ceratostomella ulmi varied considerably at different locations in 
the same year and at the same location in different years. In 1937 
Scolytus multistriatus and H. rujipes collected at eight additional loca- 
tions in New Jersey and New York were cultured. 

In 1936 and 1937 the sex of the Scolytus multistriatus adults was 
determined before they were cultured. Males composed 71.2 percent 
of the adults in 1936 and 76.6 percent in 1937. In 1936 Ceratostomella 
ulmi was cultured from 6.9 percent of the males and from 7.1 percent 
of the females; in 1937 the percentages were 6.0 and 5.0, respectively. 





DEPOSITS OF INSECTICIDAL DUSTS AND DILUENTS 
ON CHARGED PLATES ^ 


By G. F. MacLeod, entomologist, and Leslie M. Smith, assistant entomologist, Divi- 
sion of Entomology and Parasitology, California Agricultural Experiment Station"^ 

INTRODUCTION 

Preliminary tests on avocado leaves directed attention to the im- 
portance of the relation of frictional charges on dust particles to the 
deposition and adhesion of insecticides. A review of the literature 
showed that the physical influence of diluents upon the insecticidal 
action of the active principle in dust mixtures had not received the 
attention that it merits. 

The possible interrelations of some physical factors that affect the 
insecticidal action of a dust are set forth in the flow chart shown in 
figure 1. Aside from chemical toxicity, the insecticidal action of a 
dust will depend primarily upon deposition, i. e., putting the powder 
on the plant or insect; and adhesion, i. e., the ability of the powder to 
remain in place under weathering influences. Deposition may be 
dependent upon elutriation, i. e., separation by differential flotation, 
and upon frictional charge, i. e., an accumulation of static charges 
caused by the dust striking against other materials while being blown 
to the plants. Elutriation is obviously controlled by particle size and 
particle density, provided complete deflocculation is assumed. Since, 
however, in commercial dusting practice many aggregates are present 
in the dust cloud, those factors that contribute to the formation of 
aggregations are indirect factors influencing elutriation. Some such 
factors are moisture content, frictional charge, particle size, and co- 
hesion. Frictional charge may be influenced by the moisture content 
of the dust, by climatic conditions, by the dusting machine, and, in 
the case of a mixture of two or more powders, by friction between 
unlike particles. Some of the factors which influence the development 
of a frictional charge on insecticidal powders as well as some of the 
possible effects of such a charge on the behavior of the dust are given 
in the flow chart in figure 2. 

EQUIPMENT AND METHODS 

An attempt has been made to measure the effect of several factors on 
deposition, adhesion, elutriation, and formation of aggregations. For 
this purpose, an apparatus was devised (fig. 3) consisting of a Niagara 
rotary hand duster, a copper-lined sedimentation chamber, and two 
copper plates which, when charged, maintained an electrostatic field 
between them. The feeder opening on the duster was calibrated in 

1 Received for publication June 4, 1942. Assistance was rendered by the Work Projects Administration 
through Project 0. P. 465-03--3~168. 

2 The authors gratefully acknowledge the patient and careful criticisms of this work received from Dr. 
Leonard B. Loeb, professor of physics at the University of California. 
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eighths of the total area. Metal outlet tubing was either the standard 
Niagara galvanized-iron tubing or galvanized-iron drain pipe. The 
rubber tubing used was radiator hose, garden hose, and compressed-air 
coupling hose such as are used on freight cars. 


INSECTICIDAL 

EFFICIENCY 



The sedimentation chamber, 50 inches long, provided a space in 
which the larger particles, lumps, and aggregations dropped out of the 
air stream. If these large masses were blown across the charged plates 
they swept off the deposit of charged material, thereby introducing an 
error. 

The charged plates, 12 inches square, were shellacked on their inner 
faces. They were symmetrically arranged on a vertical plane, ]4 inch 
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apart at the top and % inch apart at the bottom, so that no dust could 
fall onto them from above or be held there by gravity. The usual 
working potential on the plates was 500 volts, direct current (supplied 
from a rectifying tube on 110- volt alternating current with a 
fluctuation of about 2 volts. For certain studies the voltage was 
controlled between 200 and 500 volts by means of two variable 
resistances. 



dusting 

machine 


Secondary 

frictionizing 

powder 


charge 


conditions 



Length and diameter 
of outlet tubing 
{ long > short ) 

( small> large ) 



in 

hopper 

( empty> full ) 


Figuke 2. — Flow chart showing some of the factors which influence development 
of a frictional charge on insecticidal powders as well as some of the possible 
effects of such a charge on the behavior of the dust. 


In operation, the crank of the duster was turned by hand at a rela- 
tively uniform., slow speed until a significant weight of dust was 
judged to have adhered to the plates. The hinged plates were then 
opened downward like a book, and the deposit on each plate removed 
over the area covered by a single swath of a 10-inch rubber squeegee. 
The dust removed from each plate was weighed. 

In all cases care was taken by means of adequate control experi- 
ments to make sure that the deposit of dust was never too thick to 
interfere with proper deposition. The allowable density^ of deposit 
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for proper deposition varied with various dust samples and all data 
were taken within the allowable limits. To eliminate any effects of 
asymmetry in the apparatus or air stream measurements of successive 
runs were made by reversing the polarity of the plates and averaging 
the two runs. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Since a large portion of any dust is not deposited on the plates but 
is blown out beyond, the question arose as to how this material would 
be deposited on charged plates. To answer this question, the appar- 
atus was equipped with electrodes 12 inches high and 4 feet long. 
These longer plates collected practically all of the dust. Comparable 
and opposite areas 12 inches wide were laid off along these plates, 
and the percentage of material deposited on each plate was deter- 
mined as shown in table 1. The major deposit was computed as per- 



Figure 3. — Apparatus devised for measuring the effect of several factors on the 
deposition, adhesion, elutriation, and formation of aggregations in insecticidal 
dusts. 


cent of the total deposit on both plates. The weighted averages were 
computed by the formula tthi — wherein T is the total 

.c-r r 


weight of dust collected at a given mean distance along the plates 
and P is the percentage of the major deposit composing that weight 
of dust. 


Table 1. — Deposits of dusts at various points on 4-foot electrodes 


Powder 

Mean distance 
along plates 

Total weight of 
dust collected 

Major deposit 

Weighted aver- 
ages major 
deposit 

Soapstone No. 1 

Inches 

10 

25 

1 39 

10 
25 
.30 

Milligrams 

595 

364 

302 

100 

147 

120 

Percent 

77.0 

72.1 
67. 5 
75. 9 
70.0 
70. 5 

Percent 

1 73.3 

1 72.7 

Rotenone dust No, 1 



In all the data hereafter presented, the ratio of material (heavier 
deposit: total deposit) has been determined on electrodes 12 inches 
square placed at a distance comparable to the 10-inch mean distance 
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indicated in table 1, and for relative conclusions these data probably 
suffice. The true ratio for all the dust blown from the duster, however, 
may be somewhat lower (table 1). 

The deposits which were obtained when several insecticidal powders 
and common diluents were blown through the apparatus described 
above with 20 inches of galvanized-iron outlet tubing on the duster, 
are given in table 2. 

Table 2.— JOS of dust deposit when BO inches of galvanized-iron outlet tubing 

was used on the duster 


Material 

Charge on 
plate 

Propor- 
tion of 
total 
deposit 

Material 

Charge on 
plate 

Redwood flour No. 1 

Lead arsenate No. 2 

Calcium arsenate No. 1. 

Calcium carbonate No. 1 

Lead arsenate No. 1 

Rotenone powder No. 1 

Pyret.hriiTn No. 1. 

Negative-. 

do 

do 

.....do 

do 

do 

do 

Percent 

93.6 

89.2 

86.3 
86.2 

80.6 

80.3 
80.0 
76.9 

73.8 

72.9 

71.2 

70.4 

70. 0 

68.5 

67.0 
64.8 

61.2 
59.2 

Magnesium carbonate No. l-_ 

Sulfur No. 10 - 

Sulfur No. 12 - 

Sulfur No. 2-. 

Clay No. 2 

Cryolite No. 1 

Sulfur No. 14 - 

Negative.- 

1 do 

do 

Positive.. - 

do 

do. — 

do 

Phenothiazine No. 1- 

"neYtUri No. 1 

do 

do 

Sodium fluosilicate No. 1 

Soapstone No. 1-. 

do 

do. 

Calcium hydroxide No. 1 

Calcium carbonate No. 3 

Walnut-shell powder No. 2... 

Magnesium oxide No. 1 

Rotenone powder No. 2 

Barium fluosilicate No. 1 

Redwood bark No. 1 

Sulfur No. 1 

Gypsum No. 1 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Talc No. 1 

do 

Copper cyanide No. 2 

Diatomite No. 2 

Diatomite No.l 

Sulfur No. 3 - 

Calcium carbonate No. 2 

Clay No. 1 

Bentonite clay No. 2 

Bentonite clay No. 1 

do 

do 

-do 

do 

do 

do 

do 

.....do 






Propor- 
tion of 
total 
deposit 


Percent 
57. a 

57.6 

50.8 

51.6 
56.9- 

58.5 

60.7 

61.4 

68.5 
71.2' 

79.9 

80.5 
81.2' 

81.8 

81.5 

83.6 
92.8 
93. 4 


All the powders listed in table 2 were used in the form supplied to- 
the insecticide trade; e. g., rotenone dusts were undiluted cube and 
derris powders, and the pyre thrum, fluosilicate, arsenate, etc., pow- 
ders were also used undiluted. The several sulfur dusts were com- 
mercial brands which contained so-called conditioners. 

The ratio of the deposits varied widely with variations in the dust- 
ing apparatus, with variations in the dust, and possibly with varia- 
tions in the atmosphere. Several powders were blown through the- 
sedimentation chamber and then between the charged plates by hold- 
ing a pile of dust on a large spatula in front of the air blast from the- 
rotary duster at the entrance to the sedimentation chamber. These 
dusts did not come in contact with the duster or the outlet tubing. 
The results are given in table 3. 


Table 3. — Deposits occurring when dust was blown from in front of outlet tube 


Material 

Charge on plate 

Propor- 
tion of 
total 
deposit 

Gain or loss over- 
deposit of dust 
blown through 
metal outlet tube 
(table 2) 

Calcium arsenate No. 

Negative 

Percent 

78. 0 

65.4 

90.3 

70.5 

69.3 

68.4 

74.6 

80.1 

Percent 

-8.8 
-1.6 
-3. 1 
-rlO.O' 
-24. 3 
-11.9 
+6.1 
+9.7 

Barium fluosilicate No. 1_ 

do 

Bentonite clay No. 1. 

Positive 

Diatomite No. 2.. 

do. 

Redwood flour No. 1 

Negative . .. . 

Rotenone powder No. 1. 

. - do - 

Soapstone No. 1 _ . 

Pof?it.ive. 

Walnut-shell powder No. 2... 

Negative 
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A 20-inch tube of brown wrapping paper was substituted on the 
duster for the 20-inch iron tube used in the first tests reported in 
table 2, Several powders were blown through such paper tubing 
with the results show^n in table 4. 


Table 4. — Deposit occurring when 20 inches of paper outlet iiihing was used 


Material 

Charge on plate 

Propor- 
tion of 
total 
deposit 

Gain or loss over 
deposit of dust 
blow^n through 
metal outlet tube 
(table 2) 

Rotenone powder No. 2. 

Negative 

Percent 
63.2 
65. 0 
90. 9 
69. 8 
52.4 
81. S 

i Percent 

, ' -5. 3 
t -15.3 

-2.5 
+34. 6 
+90. 0 
+23.3 

Rotenone powder No. 1 

. ..do. 

Bentonite clay No. 1 

Redwood bark No. L.„. 

Positive 

do.. 

Redwood flour No. 1 

. do 

C ryolite No. 1 

do---- 




The influence of the length of the outlet tubing on the ratio of 
deposits was tested by blowing several powders through iron or paper 
tubes of various lengths attached to the duster. The results are 
given in table 5 and shown graphically in figure 4. 


/ VJ 

60 

« 50 

x: 

o 

c 

0) 

^ 40 

0) 

o 30 



L 



0 

~ 








i 

a 

1 






1- 

• 

1 

■ 

— 



L 

* 

1 


D 

1 

a 

a 

*o 

JC. 

o> 

£ 20 


a/J 

/ 

* 

* 

* 

f 


1 

d 

a 

tLr 

~i 

10 

0- 





i 

r 

f 

D 

1 


-0^ 

1 



A"- 1 L. ^ I 

60 65 70 75 80 85 


Major deposit (percent of total ) 

— — — o*Clay No. I through metal tube 
= Clay No.l through paper tube 
A* Rotenone No.2 

Figure 4. The influence of the length of the outlet tubing on the ratio of dust 

deposits. 
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Table 5.— Relation of the length of outlet tubing to ratio of deposits of dusts on 

electrodes 

METAL TUBING 


Material 

Tube length 

Charge on 
plate 

Proportion of 
total deposit 




Inches 



Percent 





0 

Positive 

71. 6 





4 

do 

76. 3 

Clay No. 1.- 




14 

do 

83. 9 




20 

d()-_„ 

83.6 





65 

do 

83.2 





0 

Negative..---.- 

61.8 





• 4 

do 

63.4 

Rotenone powder No. 2 . . 




20 

32 

do 

do 

68. 5 
73. 4 





50 

- do._ 

73. 5 





65 

do 

73.4 





0 

Positive 

77.0 

Talc No. 2 




^ ( 

do. 

80. 0 




60 

do 

83.4 

PAPER TUBING 





0 

Positive 

71. 6 





4 

do 

74.2 

Clay No. 1 




10 

24 

do 

do 

79. 6 
82.0 





40 

— -do 

83. 0 





60 

do 

83.0 


Lengthening the outlet tubing caused an increase in the major 
deposit until a maximum was reached. In the case of clay No. 1 
I the rate of increase of deposit was less for paper tubing than for metal 

tubing, although both types were of the same diameter. The maxi- 
; I mum percentage of deposit in each case, howeyer, was approximately 

the same. It is not known whether the increased deposit arises as a 
result of friction with the walls of the outlet tube, or by a redistribution 
of charges from particle to particle, or both. 

^ The diameter of the outlet tubing and the presence of a coating of 

material probably affect the amount of deposit, as was indicated by the 
f^ct that whenever the outlet tube became partly clogged with powder, 
i the major deposit was considerably reduced. For example, when the 
' 20-inch iron outlet tube was allowed to become about half filled 
throughout its length with talc No. 2, the percentage of dust deposited 
on the positive plate dropped from 80.0 to 56.0 percent. 

The size of the feeder opening also affects the ratio of deposits 
^ obtained, assuming that the air stream is held constant. The feeder 

opening on the duster was graduated in eighths and the deposit at 
each setting was determined. Precautions were taken to turn the 
crank at a uniform rate. The deposits shown in table 6 were obtained 
with bentonite clay No. 3 and 12 inches of iron outlet tubing was used. 


Table 6.^ — Variation in dust deposit with different feeder openings 


Feeder setting 

Proportion 
of total 
deposit on 
positively 
charged 
plate 

Feeder setting 

1 Proportion 
of total 

1 deposit on 
positively 
charged 
plate 

One-eighth open 

One-fourth open. — .... — 

Three-eighths open.... 

One-half open ----- - - . 

Percent 

92.7 
80.9 
78.2 
64. 1 

Five-eighths open. . . . . 

Three-fourths open 

Seven-eighths open 

Entirely open.... 

Percent 

64.3 

64.2 

62.3 
60.1 
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In commercial dusting, powders are seldom used singly, dusting 
materials usually being compounded in mixtures of two, or occasionally 
three, powders. Consequently, the question arises as to the eflFect 
on the ratio of deposits when two powders are blown from the duster 
simultaneously and there is opportunity for friction between the 
particles of unlike powders. Four mixtures of two powders each 
were tested and the results are given in table 7. 


Table 7. — Deposits obtained when mixtures of two powders were tested 


Mixture 

Charge on 
plate 

1 

! Proportion of 
clay 

Proportion of 
total deposit 



Percent 

Percent 


/Negative. 

0 

94 


do. 

1 

87 


—.do 

5 i 

70 


do 

14 

50 


Positive. 

25 

60 


do. 

31 ! 

63 

Bentonite clay No. 2 and redwood flour No. 1 

do. 

do ...i 

35 1 
55 1 

70 

80 


....do 

57 i 

83 


do- 

62 

84 


— do 

86 

89 


do--- 

95 

91 


do .... 

99 

95 


do 

100 

92 



Talc 



/Negative 

0 

70 


do — 

1 1 

86 


do 

5 i 

76 

Talc No. 1 and walnut-shell flour No. 2 

Positive 

50 



—do 

95 

63 


do 

99 

68 


, do.. 

100 

71 



Calcium car- 




bonate 



/....do.. 

0 

81 


do 

1 

81 


do 

5 

72 

Calcium carbonate No. 4 and diatomite No. 2 

^ — do 

50 

70 


do.. 

95 

60 


do.. 

99 

55 


--.do.» 

99.8 

55 


.Negative 

100 

53 



Walnut-shell 




flour 



/Positive 

0 

93 


do 

1 

53 

Bentonite clay No. 1 and walnut-shell flour No. 2 

do 

Negative 

5 

50 

i ■ ■ 68 

'58 


....do 

95 

1 62 


-..-do.. ; 

99 

72 


do 

100 

I . 70 


_ Two noteworthy points are brought out in this test. In four out of 
eight cases the incorporation of 1 percent of another powder increased 
the deposit of the major component. Furthermore, the deposit which 
will be obtained with a mixture of two powders cannot be predicted 
from the behavior of each component studied separately (tables 2 
and 7). h 
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SUMMARY 

To study deposits of commonly used insecticidal dusts and diluents 
a device was constructed with which the deposits of materials on 
positively and negatively charged plates could be measured. As a 
result of these tests it has been shown that: 

In geiieral, powders of plant origin gave heavy deposits on the 
negatively charged plate. 

Diatomites and clays gave heavy deposits on the positively charged 
plate. 

All other mateiials were variously distributed, a feature which 
was apparently influenced by the composition of the particular dust. 

The material of which the outlet tube was constructed influenced 
the ratio of the deposits on the negative and positive plates. 

An increase in the length of outlet tubing increased the major de- 
posit of any given material up to a maximum point beyond which no 
further increase or decrease was apparent. 

As the feeder opening was increased the major deposit of bentonite 
clay No. 3 decr^eased. 

The addition of 1 percent of one powder to another increased the 
major deposit in four out of eight cases studied. 

The deposit that would result from a mixture of two powders could 
not be predicted from a study of each of the component materials. 
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BORON DEFICIENCY IN GARDEN AND SUGAR BEET i 

By J. C. Walker, professor, James P. Jolivette, instructor, and JoHN G. McLean, 

formerly research assistant instructor in 'plant pathology, Wisconsin Agricultural 

Experiment Station. 

INTRODUCTION 

The heart and dry rot of mangel and sugar beet {Beta vulgaris Jj.) 
was shown by Brandenburg {5y in 1931 to be due to a deficiency in 
available boron. This work has been confirmed by numerous investi- 
gators, and much of the recent literature on the subject has been 
reviewed by Dennis et al. {9, 10, 11) and Brandenburg {6). The 
internal black spot of garden beet has become increasingly serious 
during the past 10 years in various parts of the United States, particu- 
larly In those areas in the Northern States where the crop is grown for 
canning. This disease has already been described {21) and the symp- 
toms, therefore, need not be reviewed here. In previous publications 
{Ij 21) the possibility of the relation of boron deficiency to this malady 
was pointed out. About the same time similar indications were 
secured in New York {20), and more recently confirmatory results 
were published from Oregon,^ Michigan (7), and New York {19). 
The present paper is a report of investigations which have been under 
way in Wisconsin since 1937 and of which several preliminary reports 
have been made {1, 21, 22, 23, 24)* 

METHODS AND MATERIALS 

In order to study critically the relation of boron to the development 
of the garden beet, controlled nutrient experiments were conducted in 
quartz-sand cultures in the greenhouse. An adaptation of the 
continuous-drip method of Allison and Shive {2) was used. The 
standard complete nutrient solution was a modification of Shivers 
Best three-salt solution.^ It was diluted with 10 parts of distilled 
water for use in the drip system, and a continuous flow of air was 
provided in the reservoir containing the solution. Clay pots used to 
contain the quartz sand were varnished before filling; boronfree 
glassware and as pure chemicals as were available were employed.^ 
The complete solution when diluted contained approximately 0.75 
p.p.m. of boron. The boronfree solution was similar in every way 
except for the omission of the boric acid. Seed was sown directly in 
the sand, being supplied with either the complete or the boronfree 
nutrient. When the effect of change from the complete to the deficient 
solution and vice versa was to be studied, all plants were first removed 

1 Received for publication February 20, 1942. This study was supported in part by grants from the 
Wisconsin Alumni Research Foundation and the American Potash Institute. Certain nontechnical 
assistance was provided by the personnel of Federal Work Projects Administration project No. 65-1 -53- 
2349. The photographs were made by Eugene Herrling, Wisconsin Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 122. 

3 Powers, W. L., and Bouquet, A. G. B. use op boron in controlling canker of table beets. 
Oreg. Agr. Expt. Sta. Cir. of Inform. 195, 6 pp., illus. 1939, [Processed.] 

4 The formula used was as follows: ICH 2 PO 4 , 0.018 M; 0a(N0s)2-4H20, 0.0052 M: MgS04,7H20, 0.015 M: 
traces of OUSO 4 . 5 H 2 O, FeS047H20, ZnS04.7H20, MnCJ|rtH20, H 3 BO 3 . 

« The writers are indebted to Dr. Kermit C. Berger, Department of Soils, for testing the chemicals and the 
water supply for the presence of boron. : . 
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from the ''complete” and "boronfree” pots. A certain number were 
then transplanted to the original pots and the remaining ones were 
exchanged and then transplanted. Similar handling of all plants was 
thus obtained. When the effect of boron starvation at later stages 
was to be studied, plants were grown to the desired stage in the 
complete nutrient solution and the entire pot was then transferred to 
the boron-deficient nutrient solution. 

Field studies were carried out in several locations in Wisconsin. 
Land for this purpose was usually selected in fields which had shown 
heart rot of sugar beet or internalblack spot of garden beet in previous 
crops. In determining the extent of internal black spot of garden 
beet in the field experiments two criteria were used. Random samples 
of 25 or 50 plants were taken from each treatment plot. Each root 
was cut in slices approximately one-quarter inch in thickness and each 
piece examined for the disease. The percentage of ^ plants showing 
any sign of disease was recorded as the first criterion. The beets 
were, in addition, placed in one or another of four classes which 
represented grades of disease: i.e., clean, slight, moderate, severe. By 
giving these classes specified weights a disease index was calculated 
which constituted the second criterion. The weights given to the 
different classes were as follows: Clean, 0; slight, 20; moderate, 50; 
severe, 100. To secure the disease index, the number of plants in 
each class was multiplied by the class weight and the sum of these 
figures was divided by the product of the total number of plants. 

Boron was applied as commercial borax,® usually incorporated in 
the fertilizer. This mixture was applied either broadcast or in drills 
in a separate furrow IK to 2 inches at one or both sides of the row and 
slightly deeper than the seed. Broadcast applications were made 
with a fertilizer sower and the materials were disked into the soil 
immediately. 

EXPERIMENTAL RESULTS 

GREENHOUSE STUDIES 
Plants in Sand-Nutrient Cultures 

Seedlings appeared 4 to 6 days after seed was sown in sand cultures. 
When the nutrient solution was free from boron from the beginning, 
deficiency symptoms appeared promptly on the young unfolding 
leaves. An intensification of the red pigment was commonly per- 
ceptible first along the midrib and veins and then at the tip or on one 
side of the leaf. Some unilateral development occurred, and reduc- 
tion in growth rate was apparent. In figure 1, seedlings of two 
varieties, Detroit Dark Red (Ferry strain) and Good For All, are 
shown 31 days after sowing in normal and in boron-deficient cultures. 
Stunting was mucl^ more pronounced in the Good For All variety, 
which is in conformity-with its greater susceptibility in the field to be 
described later. M boron-starved plants were continued longer in 
boronfree nil trienf . growth was very slow and the plants changed 
relatively little in appearance, although a large percentage of them 
died in the course of several weeks. 

When plants grown for 30 to 40 days in normal and boron-deficient 
solutions w ere interchanged, acute symptoms soon appeared in the 

. « Most of the borax for these experiments was supplied by the Pacific Coast Borax Co. 
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healthy plants while the deficient plants recovered rapidly. This was 
shown in the same two varieties in figure 2. In the Detroit Dark 




Figurpi 1. — Beets grown from seed in sand-nutrient cult-y^es for 31 days. A 
Detroit Dark lied variety (Ferry strain); B, Good For Ml variety. In both ^ 
and B: a, h, plants grown in boronfree nutrient; c, d, plants grown in complete 
solution. . 


Red plant started in normal solution and transferred to the deficient 
solution (fig. 2, A, c) the youngest leaves remained dwarfed and the 
growing tip died, although little change but that of deeper red color 
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Figube 2. — Beets grown in sand cultures in complete solution for 38 days and 
then transferred to boronfree nutrient for 22 days, and vice versa. A, Detroit 
Dark Red variety (Ferry strain) ; B, Good For All variety. In both A and B: 
a, plant grown in complete solution for 60 days; 6, plant grown in boronfree 
solution for 38 days, then in complete solution for 22 days ; c, plant grown in 
complete solution for 38 days, then in boronfree solution for 22 days; d, plant 
grown in boron-deficient solution for 60 days. 
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occurred in the first two leaves, which were nearly mature when the 
transfer was made. This behavior is in contrast with that of the plant 
grown continuously in boron-deficient nutrient (fig. 2, A, d) which 
was dwarfed early and, growing more slowly, required less boron than 
the one growing vigorously in the normal solution when it was suddenly 
deprived of this element (fig. 2, A, c). It would appear that the 
boron acquired by the first two leaves in this plant was rapidly fixed 
and as already reported by Brandenburg (6), was not subject to trans- 
location to the growing point. The plant grown in boron-deficient 
solution for 38 days (fig. 2, B^ d) had its original meristem intact and 
consequently a plant similarly -treated (fig. b) commenced normal 
growth when transferred to the normal solution. 

The response of Good For All plants was of the same order as that 
of Detroit Dark Red. However, the effect of boron-deficiency was 
greater at 38 days in this more susceptible variety (fig. 2, d). The 

recovery of the deficient plant was less rapid (fig. 2, B, b) and the 
collapse of the plant transferred from normal to deficient solution was 
more prompt (fig. 2, B, c) . 

When plants were allowed to attain greater size in the normal solu- 
tion before boronfree nutrient was applied or when a trace of boron 
was left in the nutrient, symptoms developed more slowly and the 
disease picture was somewhat more suggestive of the usual appearance 
of the disease in the field. In figure 3 are two plants grown for 17 
days from seed in the complete solution, then watered with a reduced- 
boron nutrient. Boron-deficiency symptoms did not appear until 43 
days later, and the photograph was taken after another 50 days had 
elapsed. In figure 3, A, the first three leaves were normal in size and 
color although chlorosis in the oldest leaves sometimes occurred. 
The next two leaves were normal in size but the red pigment was 
intensified somewhat, while the next younger leaves showed malforma- 
tion typical of boron deficiency. In figure 3, B, the first four leaves 
were normal, the next two were somewhat deeper in color, while the 
seventh leaf showed typical unilateral malformation. The next 
younger leaves appeared quite normal, possibly as a result of the 
release of boron from dying leaves and roots which had become 
incorporated in the sand. 

When beet plants were grown in the complete solution long enough 
to permit taproot enlargement, boron starvation brought on necrosis, 
usually near the periphery, in the rings in which bundles had been 
differentiated most recently. Sometimes, however, exteusive dark- 
ening was produced throughout the center of the beet. In figure 4 
are the cross sections of roots of two plants grown in nutrient-sand 
cultures for 145 days. The larger root, free from necrosis, was 
grown in complete solution throughout the period. The smaller 
root was grown on complete solution for 71 days, then in boronfree 
nutrient for 74 days. The black corky tissue is not unlike that 
found in beet roots affected with internal black spot in nature. 

Beet roots showing typical internal black spot were collected in 
the field and halved longitudinally. Corresponding halves were 
placed in normal and in boron-deficient nutrient in sand cultures. 
Extensive development of normal leaves ensued in the former, 
although no change in the necrotic areas of the fleshy root occurred. 
In the latter, stunted malformed leaves formed and died, only to 
be followed by others arising from dormant buds at the bases of the 
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f Detroit Dark Red variety (Ferry strain) grown from 
seed for 17 days in sand culture with complete nutrienrsolut on 

boron for 93 days. See further eianation^in 
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original ones, leading eventually to a rosette of malformed and dead 
leaves. Such a pair of plants is shown in figure 5. 

When beet roots grown in the field with an adequate supply of 
boron were planted after a period of dormancy, in boronfree nutri- 
ent sand cultures, leaf and floral stem development was at first 
normal, but eventually the apical leaves showed symptoms of boron 


Figure 4. — Cross section of the root of a beet plant grown from seed in 
complete-nutrient sand culture for 145 days. B, C, D, Cioss sections of the 
roots of beet plants grown concurrently with that in ^4 in ccmplete solution for 
71 days, then in boronfree nutrient for 74 days. 

deficiency. Frequently elongate fissures developed in the stem, 
sometimes extendi.ug its full length. Gradual reduction in growth 
generally followed. These phases of the disease are illustrated in 
figure 6. 

Plants in Soil 

The appearance of symptoms of boron deficiency in garden beets 
grown in sand-nutrie.nt cultures was compared with that of plants 
grown in the greenhouse in the winter months at Madison, Wis., on 
soil collected from fields in which severe internal black spot had 
occurred. It was at first postulated that a simple greenhouse pot 
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test might be devised in which the relative availability of boron in 
the soil concerned might be estimated as a guide to field requirements 





Figure 5.—A beet root showing internal black spot when collected in the field 
at maturity was split longitudinally and one part (A) was placed in sand 
culture with a boronfree nutrient, while the other (B) was placed in sand 
culture with a complete solution. Photographed 87 days later. See further 
explanation in the text. 


for correction of the deficiency. In general the acute boron-deficiency 
symptoms described above in the sand-nutrient cultures were absent, 



Figure 6. — Beets grown in the field with an adequate boron supply, stored 
at 5° C. for 60 days, planted in sand-nutrient cultures and photographed 60 days 
later. A, plant grown in complete nutrient; B, C, plants grown in boronfree 
nutrient. Note advanced flower development in B and C, stunting of terminal 
bud in B with consequent development of floral stems from leaf axes, and stunt- 
ing and elongate stem cankers in C. 
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except for somewhat greater intensification of red pigment and 
reduced vigor. Unilateral leaf development^ cross hatching of the 
petiole, apical bud necrosis, and rosette of the tops appeared rarely 
or only after a period of several months. When various amounts 
of borax were added to such soils the growth of the plants was usually 
enhanced and normal color of the foliage returned. The results of 
many such comparisons indicated that soils in which garden beets 
were severely affected were not completely free from available boron 
but sufficiently so at the time of greatest need by the growing crop 
to bring on deficiency symptoms. It was also indicated that under 
greenhouse management of soil where moisture was more uniform, 
there was not the extreme development of boron-deficiency symptoms 
as sometimes observed m the same soil under certain field conditions. 
The plant symptoms which resulted were therefore those of moderate 
but protracted deficiency. 

The symptoms of boron deficiency in garden beets in the field already 
described {21) may be regarded as the combination of efiects produced 
in the greenhouse in soil and in sand-nutrient cultures. The crop 
planted on boron-deficient soil in Wisconsin in May or early June 
grows quite normally insofar as general appearance is concerned until 
late July or early August. Some intensification of red pigment or 
yellowing of older leaves may occur, but this may result from various 
other environmental influences and it does not serve as a consistent 
means of diagnosis. In August and September the disease appears in 
tops and roots, the extent and severity again being greatly influenced 
by climatic environment. If the soil is acutely deficient in boron the 
greater need of the enlarging plants results in the regular appearance 
of symptoms. If the boron supply is marginal, distinguishable top 
symptoms may fail to appear or they may consist only of slight inter- 
veinal yellowing. On the other hand, in marginal cases sudden ap- 
pearance of extensive and acute leaf and root symptoms may occur. 
This type of disease development is commonly associated with periods 
of drought. However, the writers’ observations have shown that 
heavy rainfall starting sudden new growth activity after a protracted 
dry spell is probably the most effective incitant of severe internal 
black spot. It is possible that during protracted dry spells the 
already low supply of available boron in the soil solution is rendered 
temporarily less available and that concomitantly the fibrous root 
system of the plant is rendered less effective. When under such 
circumstances suddenly stimulated growth of plants approaching 
maximum development is incited by an abundant water supply, the 
symptoms which follow are most nearly like those produced in sand- 
nutrient cultures by extreme deficiency of boron. 

FIELD STUDIES 

Certain preliminary field experiments in 1937 have already been 
reported {21). These were side-row applications made when the 
plants were in the third- or fourth-leaf stage. They indicated a 
tendency for black spot to be reduced, although in none of the fields 
used in this series was the disease very severe. In the late summer of 
1937 a limited survey was made of fields of garden beet in Wisconsin 
in which black spot was present. Other surveys were made in 1938, 
1939, and 1940. The results are summarized in table 1. More than 
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60 percent of the fields examined critically during this 4-year period 
were neutral or alkaline in soil reaction, but more than 15 percent 
were within the range of pH 5.2 to 5.5. About the same number of 
fields in which the disease was rated as severe were in low areas as in 
high upland tracts. It had been already noted in 1937 {21) that no 


Table 1. — The occurrence of internal black spot of garden beets in certain coinrnercial 
fields in Wisconsin, 1937-40 


Field 

No. 

Kind of soil 

Topography of portion of 
field examined 

pH of 
soil 1 

Severity of 
disease 

Year 

1 . 

Tight sandy loam 

Hillside 

8.0 

Medium 

1938 

2 

Light silt loam 

Level upland 

8.0 

do 

1938 

3^ 

Dark sandy loam 

’-.do * _ 

8.0 

Severe 

1938 

4 

Dark loaml - 

Lowland 

8.0 

Medium 

1938 

5 

_,.do 

do 

8.0 

Severe 

1938 

6 

Light loam 

Hillside. 

8.0 

do 

1938 

7 

do... ■ - 

do 

8.0 

do 

1938 

8 

Dark silt loam.. 

Lowland 

8.0 

do... 

1939 

9 

Light sandy loam . 

Level upland 

8,0 

do 

1939 

10 

Dark silty day loam 

Low - 

7.9 

.:._do 

1937 

11 



7.9 

. -do - 

1937 

12 


High and low 

7.8 

do 

1937 

13 

Dark silt loam - 

Low - - 

7.8 

--do 

1937 

14 

do - - 

do 

7.7 

-do 

1937 

15 

Medium fine sandy loam.. 

High 

7.5 

Slight _ -- - 

1938 

16 

Dark silt loam 

Low - 

7.5 

Severe 

1939 

17 


Level upland 

7.5 

- - do 

1940 

18 

Medium silt loam . 

Upland!.. 

7.5 

do 

1940 

19 

Dark silt loam 

Swale 

7.2 

do - 

1939 

20 

Medium silt loam 

Hillside 

7.2 

. -do - 

1939 

21 

Light sandy loam_ 

Level upland 

7.2 

do 

1939 

22 

Light fine sandy loam . . 

Hillside 

7.0 

Medium , 

1938 

23 

do 

Hilltop - 

7.0 

do 

1938 

24 

Dark silt loam 

Low 

7.0 

Severe 

1939 

25 

„...do - 

do 

7.0 

do 

1940 

26 

do - - 

Hillside 

6.8 

do 

1939 

27 

do 

Low 

6.7 

...do 

1939 

28 

Light sandy loam 

Level upland 

6.5 

do 

1938 

29 

Peat 

Low 

6.3 

do 

1939 

30 

Medium silt loam 

Hillside 

6.2 

Medium 

1937 

31 

Medium sandy loam 

Level upland 

6.2 

Sftvere 

1939 

32 

Light silty loam 

do 

6. 1 

do 

1938 

33 

Medium dlt loam 

Low.. 

6.0 

Medium 

1937 

34 


High 

5.5 

Severe 

1937 

35 


do 

5.5 

Medium 

1937 

36 

Light sandy loam 

Level upland .. 

5.5 

do 

1940 

37 

.._„.do ■ - 

do 

5.5 

Severe 

1940 

38 

d.0 

Hillside - 

5,4 

do 

1939 

39 

do ' 

Hillside and hilltop 

5.4 

do 

1940 

40 

do 

Level upland 

5.2 

Medium 

1940 







1 The determinations of soil reaction and kind of soil were kindly made by Dr. Harold H. Hull, Depart- 
ment of Soils, University of Wisconsin. 


correlation existed between the occurrence of internal black spot of 
garden beet and the topography of the soil, and this was borne out 
when the survey was extended 3 years longer. While a preponderance 
of the disease occurs on neutraf or alkaline soil, it is not necessarily 
restricted to such soils in Wisconsin. 

Field Experiments at Winneconne, Wis. 

The field used at Winneconne, Wis., consisted of poorly drained 
Poygan silty clay loam, relatively high in organic matter and for the 
most part slightly alkaline in reaction. Broadcast applications were 
inade in the spring of 1938 on a series of plots in this field, and the 
disease reaction on beets was studied in three successive seasons, 1938, 
1939, 1940. Side-of-row applications were made in another series of 
row Tlots. Since manganese deficiency was suspected in this soil, 
application of manganese sulphate was made in some plots alone and 
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with borax. The salts of various other minor elements were also 
included to determine any possible influence they might have on the 
development of the disease. The results of broadcast applications 
will be discussed first. 

Broadcast applications, —Blots 30 by 30 feet in dimension were laid 
out in the spring of 1938 in four replicate seiies of nine treatments 
each, the latter being arranged in random order and each plot sur- 
rounded by a 5 -foot untreated border.’^ Treatments were made about 
2 weeks before sowing. In the spring of 1939 each plot was divided 
into two equal parts on one of which the treatment of 1938 was 
repeated. In the spring of 1940 no minor-element treatments were 
made but a complete fertilizer was applied broadcast just before sow- 
ing. In 1938 and 1939 sugar beets, garden beets and Wisconsin 
Eefugee beans (Phaseolus vulgaris L.) were planted in each plot. The 
last species was used because it is regarded as rather sensitive to 
boron toxicity and it thus served as an index of any detrimental effects 
of treatment. Cabbage (Brassica oleracea capitata L.), cauliflower 
{B. oleracea botrytis L,), and certain other crucifers were also included; 
the studies with these crops are reported elsewhere (25). In the case 
of garden beet the two varieties Good For All and Detroit Dark Red 
were used. The same seed stock of the former was planted in 1938 
and 1939. Although seed of the second variety was secured each 
season from the Ferry-Morse Seed Co. of Detroit, Mich., it was later 
realized that the so-called Ferry strain of Detroit Dark Red was used 
in 1938 and the Morse strain of that variety in 1939. It was also 
learned later that the Morse strain is more susceptible to boron de- 
ficiency than the Ferry strain, and consequently the results of the two 
seasons are to be compared with that fact in mind.® In 1940 only sugar 
beets were planted on these plots. Seed was sown on May 25 in 1938, 
on June 20 in 1939, and on July 5 in 1940. 

Stand counts of sugar beet and garden beet were taken on all plots 
in 1938 and 1939. No significant decrease in stand in any of the 
treated plots was noted. While there was a slight increase in stand 
in many of the treated plots in each year the average increase was not 
statistically significant for any treatment. No toxic effect of any of 
the treatments was evident in either year except for slight marginal 
chlorosis on the lower leaves of an occasional bean plant in the 60- 
pound-per-acre application of borax. This was decidedly a transient 
effect and there was no evidence of permanent suppression or reduc- 
tion in yield. 

The occurrence of heart rot in sugar beet on these plots in 1938, 
1939, and 1940 is recorded in table 2, On the untreated plots the plants 
with heart rot of the tops averaged 18 to 56 percent. The 100-pound 
treatment with manga.nese sulfate did not alter the incidence of 
heart rot although it stimulated top growth perceptibly in some plots. 
The application of 20 pounds of borax per acre with or without the 
incorporation of manganese or other minor elements was suflS.cient to 
eliminate heart rot completely in 1938. Moreover, the carry-over 
effect of the borax treatments in 1939 was sufficient to prevent the 
disease in th at year. In 1940 the 40- and 60-pound treatments made 3 

J The writers are indebted to Dr. J. H. Torrie, Department of Agronomy, University of Wisconsin, for 
advice m the arrangement of these and other plots discussed in this paper and in the statistical analysis and 
interpretation of results. 

f The Morse strain of Detroit Dark Red is considered by Magruder et al. ( 15 ) to be so different from the 

original type that they refer to it as a distinct variety, under the name Morse Detroit. 
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years previously were still effective while those made 2 years before 
were all effective. However, in the 20-pound~per-acre treatment of 
1938 the available boron was so low in 1940 that some disease devel- 
oped. It may be concluded that in this soil, boron was retained in 
available forin for three crop seasons, but that in the third season it 
was again becoming insufficient for normal development of sugp 
beets at the 20-pound level, through depletion, leaching, or fixation in 
an unavailable form. 

Table 2 . — The effect of broadcast applications of borax and of salts of certain other 
minor elements on the incidence of heart rot in sugar beets grown in boron-deficient 
Poygan silty clay loam near Winneconne, TlTs., in 1938^ 1939, and 1940 

I Treatment Plants showing heart rot (average of 4 replicates) in— 




1938 

1939 

1940 

Borax per 
acre 

Manganese 
sulfate per 
acre 

Treated in 
1938 only 

Treated in 
1938 only 

Treatment 
repeated 
in 1939 

Treated in 
1938 only 

Treatment 
repeated 
in 1939 

Pounds 

Pounds 

Percent 

Percent 

Percent 

Percent 

Percent 

10 

0 

18 

25 

34 

50 

56 

0 

O' 

28 

26 

35 

23 

30 

0 

100 

2S 

47 

31 

34 

35 

20 

0 

0 

0 

0 

2 

0 

20 

50 

0 

0 

0 

0 

0 

20 

2 50 

0 

0 

0' 

9 

0 

40 

0 

0 

0 

0 

0 

0 

40 

50 

0 

0 

0 

0.5 

0 

60 

0 

0 

0 

0 

0 

0 


1 No fertilizer w-as applied in this plot; in all other plots 3-12-12 fertilizer was added at the rate of 450 
pounds per acre in 1938, and 300 pounds in 1939 and 1940. 

2 There was also added per acre m this plot: 50 pounds CuS04. SHsO, 50 pounds ZnS04. THgO, 50 pounds 
FeS04. 7 H 2 O, and 100 pounds NaCl. 

The parallel results in 1938 and 1939 with red beets are given in 
table 3. In order to study the progress of diseases, three sets of random 
samples were taken from each plot in 1938 at approximate 2~week 
intervals, beginning on July 29. There was with both varieties a 
decided increase both in percentage of disease and in disease index 
from July 2^ to August 15, but there was little change from August 15 
to August 31. Throughout the data the severity of the disease as 
indicated by the disease index was correlated closely with the per- 
centage of diseased plants. The disease was reduced significantly in 
all treatments containing borax as compared with the untreated 
plots. It is to be noted that although heart rot of sugar beet was com- 
pletely eliminated by the borax treatments, internal black spot of 
garden beet was present to some degree in most of the treatments. 
It is thus evident that the latter type is more susceptible to boron 
deficiency than the former and that Good For All, as already shown 
in the sand-nutrient studies, is more susceptible than Detroit Dark 
Red (Ferry strain). Although there was a trend toward less disease 
with increase in the rate of borax applied, the differences between 
borax treatments were not usually significant. The 100-pound 
treatment with manganese sulfate, as with sugar beets, had no effect 
upon internal black spot, although it did perceptibly stimulate 
growth. In the 20-pound borax treatment the disease was increased 
when 50 pounds per acre of manganese sulfate was added. This 
may have been due to the fact that growth was stimulated somewhat 




Table 3.^ — The effect of broadcast appUcatio 7 is of borax and of salts of certain other minor elements on the incidence (percentage) and severity 
(disease index) of internal black spot in garden beets grown in boron-deficient Poijgan silty clay loa^n near Winneconne, Wis., in 1938 and 
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27 
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by the manganese, and presumably the need for boron was corre- 
spondingly increased. At the 40-pound-per-acre borax treatment the 
manganese treatment did not affect the disease reading, possibly 
because there was a more nearly adequate supply of boron available. 
At the 20-pound level the addition of salts of several other minor 
elements with the manganese sulfate did not affect the disease 
readings. 

It may be concluded from this experiment that the internal black 
spot of garden beet was greatly reduced by application of borax and 
that the effect was carried over to the second year in this soil, inasmuch 
as the readings in 1939 for Good For All were essentially the same in 
plots receiving no further treatment as in those treated again in that 
year. In Detroit Dark Red most plots showed higher disease readings 
in 1939 than in 1938. This is undoubtedly due in part to the varia- 
tion in susceptibility of the two strains of that variety. It emphasizes 
the importance of care in the selection of the seed stock used in con- 
ducting studies of boron deficiency. 

It is also important to compare the results of garden beet with those 
of sugar beet. In the latter, heart rot was completely controlled by 
20 pounds of borax per acre, while in the former 60 pounds did not 
completely correct black spot. It should, of course, be recognized 
that the comparison is concerned with the symptoms in the leaves of 
one plant and the symptoms in the roots of the other. A fairer basis 
might have been had if the roots of sugar beet had been cut and ex- 
amined also. 

^ Detailed notes of top symptoms on garden beet were taken. They 

,are not presented in detail here, but it is worthy of mention that 
while top symptoms seemed as a rule to appear slightly in advance of 
root symptoms, they were, nevertheless, not necessarily concomitant 
with them. An appreciable percentage of roots showed black spot 
without recognizable top symptoms, and vice versa. It is possible 
that symptoms in the tops sometimes appear during a temporary 
shortage of boron and that normal growth is resumed before macro- 
scopic root symptoms occur. 

During the course of these experiments soil samples from repre- 
sentative areas were taken and analyses for available boron con- 
ducted by Berger and Truog {3 ) . Their results showed a rather close 
correlation between available boron and the occurrence of black spot 
n this particular series of plots. 

Side-ofirow application . — In 1938 a series of plots was laid out in which 
borax and the salts of other minor elements were applied as side 
bands. These materials were mixed with the fertilizer and placed in 
bands at both sides of and l)i inches away from the row and at the 
same depth as the seed. The results are given in table 4. None of 
the treatments was injurious to the stand. There was no significant 
difference between the percentages of diseased plants in the plots 
treated with any of the materials, except borax, and the untreated 
plots. Zinc sulfate appeared to reduce the disease index significantly 
but the percentage of diseased plants was nearly as high as that of 
the control. Since this material was used in combination with the 
salts of other minor elements in many other experiments without any 
effect upon the disease, this result is not considered significant. 
The 15-pound treatment with borax was. not very beneficial, but 
beginning with 25 pounds per acre, the disease was reduced consistently 
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as the amount of this material increased. It was thus evident/ as in 
the broadcast treatments, that boron was the only one of the elements 
used which had a beneficial effect in controlling internal black spot. 
It was also shown that under the conditions of these experments the 
results were of the same order when the material was applied in con- 
centrated bands at the sides of the row as when it was applied broad- 
cast. The stand was not injured when as much as 80 pounds of borax 
per acre was applied in this manner. While this heaviest treatment 
practically eliminated the trouble, there was still an occasional dis- 
eased root found, as was the case when 60 poutrds per acre was applied 
broadcast. 


Table 4. — The effect of salts of various minor elements on internal black spot of 
Detroit Dark Red garden beet {Ferry strain) when applied in hands at both sides 
of the row at time of sowing, Winneconne, TFfs., 1938 ^ 



Amount ap- 

Stand of 

Disease development 

Material applied 

plied 2 (per j 
acre) ! 

i 

plants (per 
yard) 

Plants dis- 
eased . 

Disease in- 
dex 

None - 

Pounds 

Number 

13.4 

Percent 

36.0 

22.4 

27.0 

11.4 
7.6 

22,8 

10.2 

25.1 
6 8 

Copper sulfate - - - 

50 

11.1 

46.3 

Ferric sulfate - 

50 

15.6 

32.6 

Zinc sulfate - 

25 1 

13.6 i 

30.6 

Cobalt chloride - 

20 

14.1 

45.0 1 
33.6 j 

Manganese sulfate - 

50 

13.9 

(3) . 

(3) 

15 

16. 4 

58.5 1 

Borax - - 

14.5 

4 3i 6 

Do 1 

25 

13.5 

13.6 

els 

3 6 

Do -1 - 

35 

15. 5 

11.7 
10. 2 

Do - 

45 

13.9 

3 I 5 

1.2 

.8 

Do 

55 

13.9 

1.6 

Do 

65 

14. 5 

2.4 

Do - - 

80 

12.6 

. 5 

.3 




Difference required for significance (19.T): 

Between borax treatments 



< 8. 1 

4.0 
13. 3 

Be Ween nonborax treatoents 



30.7 

Between all treatments. 


5.3 

1 



1 



1 Seed was sown on May 25; harvest data taken on Aug. 25. 

2 Calculated on the basis of 15 inches between rows. 

3 50 lbs. CUSO 4 . 5 H 2 O, 50 pounds; MnS 04 . 4 H 20 , 50 pounds; FeSO4.7H20, 25 pounds; ZnSO4.7Ho0, 20 
pounds, C 0 CI 2 . 6 H 2 O, and 100 pounds NaCl per acre were applied. 

^ The results from the 15-pound-per-acre treatment were not included in the analysis because the var» 
iance within this treatment was significantly greater than that within the other treatments. 

Field Experiments at Clyman, Wis. 

The treatments conducted at Clym.an in 1938 were on Clyde silt 
loam with a reaction of pH 7.0 to 7.5. They were laid out on a some- 
what more extensive scale than those at Winneconne and were de- 
signed to provide data on yield as well as on disease developm.ent. 
The beets grown on the area used in 1938 had only a negligible 
amount of disease, and the results were therefore confined to yielff 
A split-block experimental des’gn was used in which treatm.ents were 
randoinized within varieties. Three replicates were employed. Plots 
consisting of four rows each were planted with a standard four-row 
beet drill equipped with an attachm.ent by which the fertilizer and 
borax or other materials were applied in a band in a separate furrow 
l}i inches away from and of the same depth as that in which the seed 
was placed. Two varieties were used, Detroit Dark Red (Ferry strain) 
and Good For All. Fertilizer (3-12-12) was applied in all plots at the 
rate of 150 pounds per acre. 
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The results of 1938 are given in table 5. It is to be noted that the 
stand was not injured in any instance, and in the case of Good For All 


Table 5. — The effect of borax and salts of certain other minor elements applied along 
the row at sowing ^ on the stand and yield of garden beets grown on Clyde silt 
loam at Clyman, TTis., 1938^ 


Application of borax (pounds per acre) 

Detroit Dark Red 
variety » 

Good For All variety 

Stand per 
yard 

Yield per 
acre 

Stand per 
yard 

Yield per 
acre 

None.- - 

Plants 

14.3 

16.5 

16.3 

18.6 
14.9 
14.7 
15.0 

Tons 

16.3 

17.5 

19.0 

18.5 

20.0 
21.0 
18.8 

Plants 

16.8 

17.8 

19.0 
24.2 
21.7 

21.0 

21.9 

Tons 

13.2 

13.7 

13.6 

15.6 
15.9 

14.8 
14.1 

10 _ - 

20 - - 

30 - - - ; . 

40 - 

60 - - 

(4) 

Difference required for significance (19:1) 

3.4 

1.5 

3.7 

1.5 


1 Borax applied in a furrow 1 to 2 inches deep and IV 2 inches away from the row. 

s Seed sown May 20; harvest data, taken Sept. 22, was from 3 replicates. 

3 Ferry strain secured from Ferry-Morse Seed Co., Detroit, Men. 

4 A mixture of 50 pounds CUSO4.5H2O, 50 pounds MnS04.4H20 , 50 pounds FeS04.7H20, 25 pounds 
ZnS04.7H20 and 10 pounds C0CI2.6H2O per acre was applied. 

it was increased significantly^ in the three heaviest treatments with 
borax and in the treatment with minor-element salts other than borax. 
It is also to be noted that in the case of Detroit Dark Red the yield 
was increased significantly in all treatments except that of 10 pounds 
of borax per acre, and in the case of Good For All in all except those of 
10 and 20 pounds of borax per acre. This showed rather definitely 
that even where the boron naturally available in the soil was sufficient 
to prevent black spot under the growing conditions of that season, the 
growth of the plant was stimulated sufficiently to produce significant 
increases in yield. This type of stimulation was not confined to 
borax since one or more of the materials applied in the mixture of 
salts of other minor elements also brought significant increases in 
yield. Since severe black spot occurred in this field in 1937, it is 
possible that the boron supply was marginal but that growing condi- 
tions in 1938 were such that enough boron was available to prevent 
macroscopic necrosis, though still not sufficient for optimum growth. 

The experiments at Clyman in 1939 were laid out with the same 
plot design in another field of the same type of soil having a reaction 
of about pH 7.5. Because of the interest in the comparative value of 
applying borax with the fertilizer in bands or broadcast, the two 
methods were compared at 20-, 40-, and 100-pound-per-acre levels. 
The results are given in table 6. A significant reduction in black 
spot is noted when each treatment is compared with the control. 

The disease was greatly reduced in all cases by borax. As in the 
trials at Winneconne, the percentage of diseased plants and the 
severity of disease tended to be reduced with increasing amounts of 
borax, but even at 100 pounds per acre there were still appreciable 
amounts present in each variety and the differences between treat- 
ments were not always significant. The stand was not materially 
affected by either type of treatment nor by any level of borax. The 
two methods of treatment had, as a rule, closely similar effects. 

507016~4'3- -2 
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The yields were taken with only one variety, Detroit Dark Red. 
Although the crop was not so heavy as that at Clyman in 1938, the 
yields were greater in all treated plots than in the untreated ones. In 
each of five treatments the difference was greater than that required 
for significance, while in the other two treatments the difference was 
nearly great enough to be significant. 


T. 4 BLB 6.' — The effect of application of borax, broadcast and at the side of the row, on 
the stand, yield, and internal black spot of garden beet grown on Clyde silt loam 
near Cly man, W is., 1939 ^ 


Application of borax 

Detroit dark red variety 2 

Good for all variety 

Amount 
(pounds per 
acre) 

Method 

Stand 

yard 

Disease 

Yield 

per 

acre 

Stand 

per 

yard 

Disease 

Plants 

affected 

Sever- 

ity 

Plants 

affected 

^ Sever- 
ity 

None. . 

20-., 

20 - 

40- - - 

40 

60 

100 .. . . 

1 

Side of row- 

Broadcast. 

Side of row 

Broadcast 

Side of row... 

..do 

Plants 

14.3 
15.0 
12.9 
14.8 
14.7 
14.5 

16.3 

16.4 

Percent 

39.6 

10.7 

18.7 
16.0 

14.7 

10.7 
10.7 

5.3 

Disease 

index 

27.3 
8. 1 

11.1 

11.3 
10.0 

6.9 
6.7 

2.9 

Tons 

6.1 

7.7 

7.1 
6.9 

7.2 

8.2 
8.1 

7.8 

Plants 

8.2 

7.8 ! 

7.4 

8.8 
6.9 
9.0 

10.6 

7.5 

Percent 

64.9 

19.1 

18.5 

14.5 

14.5 

10.5 
4.6 
7.2 

Disease 

index 

51.6 

10.8 

9.4 

8.4 
8.6 
3.8 

2.3 

3.4 

100--..-. 

Broadcast 

Differen ce required for significance (19:1) . . 

3.8 

9.6 

7.0 

1.1 

2.2 

7.0 

6.1 


1 Seed sown May 25; harvest Oct, 5. 

2 Ferry strain. 


Field Experiments at Rockfield, Wis. 

The experiments at Winneconne and at Clyman were on relatively 
heavy clay loam or silt loam soils which were rather high in organic 
matter. No evidence of plant injury or yield depression was noted 
even with applications as high as 100 pounds of borax per acre. In 
1939 a field of Miami silt loam was chosen near Rockfield, Wis., where 
black spot had been observed on previous crops and in which the soil 
was somewhat lighter in texture. This was laid out and planted on 
the same plan as the experiment at Clyman in 1939, in which side-of- 
row and broadcast applications of various amounts of borax were 
compared as to their effect on stand, disease incidence, and yield. 
As shown in table 7, there was neither reduction nor increase of stand 
as a result of the applications, and no significant effect upon yield. 
The disease developed relatively late in the season, but by the time of 
harvest a considerable amount was present in the untreated plots. 
In this experiment the disease was less in the 20-pound treatment 
than in the untreated plots, but the decrease was barely significant 
in the side-of-row application. In this case at the threshold treatment 
it would appear that the broadcast method was definitely better than 
the side-of-row method. However, a larger body of data would be 
needed to demonstrate the point in view of the fact that the difference 
was not consistent at higher applications in this series nor in the Cly- 
man experiment of 1939. There was less disease at 30, 40, and 60 
pounds per acre than at 20 pounds but the differences between the 
three higher treatments were not consistent with the amount of borax 
applied nor were they statistically significant. The lowest disease 
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incidence and index were at 100 pounds per acre applied broadcast 
but again this heavy treatment did not completely control the disease. 


Table 7 . — The ef ect of application of borax, broadcast and at the side of the row, on 
stand, yield, and internal black spot of garden beet grown on Miami silt loam near 
Rockfield, Wis., 1939; Detroit Dark Red variety, Ferry strain 


Application of borax 


Disease 


Amount (pounds per 
acre) 

Method 

yard 

Plants 

affected 

Severity 

acre 

None..-.., 


Plants 

1 19 

Percent 

38.8 

Disease 

index 

28.0 

Tons 

11.3 

20.... 

Side of row.. ... 

20 

27.7 

18.2 

11. 1 

20„ 

Broadcast- 

17 

3 17.0 

1 7.9 

8.9 

30 

Side of row .. . _ 

21 

11.0 

5.3 

11.4 

40- 

do 

17 

10.7 

4.0 

8.8 

40 

Broadcast- 

16 

14.2 

5.8 

11. 1 

60-..-- 

Side of row 

20 

15.9 

8.1 

10. 9 

100. 

do 

16 

9.9 

4.4 

10. 0 

100 - 

Broadcast.... ...1 

21 

1.4 

1.1 

, 10.5 

Difference required for significance (19:1) 

0 ) 

18.7 

11.3 

e) 


1 Each value is the average of 2 replicates. 

2 Differences not significant. 


Application of Borax During the Growing Season 

It was observed repeatedly that the symptom.s of boron deficiency 
in both garden and sugar beets usually appeared about m.idseason. 
In the data from. Winneconne in 1938 (table 4) it was shown that the 
disease increased rapidly during the first half of August. The ques- 
tion arose as to whether if borax were applied at or slightly before the 
first appearance of symptoms m.ost of the damage to the crop would 
be prevented, and whether application at such a tim.e, when the plant 
was in imm.ediate need of boron, would be more effective than treat- 
ment at the tim.e of planting. To obtain information on these points 
experim.ents were conducted at Winneconne in 1938, 1939, and 1941. 
In 1938 seed of Detroit Dark Red (Ferry strain) garden beet was 
sown on May 25, borax was applied in a trench at the side of the row 
on July 16, and harvest was completed on September 28. In 1939 
Detroit Dark Red (Morse strain) garden beets were sown on June 20, 
borax in a water suspension was applied over the row on August 3, 
and harvest was completed on Septem.ber 14. In 1941 sugar beets 
were sown on June 7, borax was applied in dry form, broadcast on 
July 14, and the crop was harvested on October 6. In 1938 and 1939 
top symptoms of boron deficiency were not apparent at the tim.e of 
treatment, but they appeared in the controls about a week after treat- 
ment. In 1941 a trace of heart rot was present at the tim,e of treat- 
ment. The results of these treatments are given in table 8. 

Midseason treatments were very effective in all cases. In 1938 the 
results were about the sam.e as those in the nearby spring applications 
reported in table 4. In 1939 very effective control was secured, par- 
ticularly with the 40-, 60-, and 80-pound treatments. The heart rot 
of sugar beet was reduced greatly in 1941 by a 20-poiind treatment 
after disease symptom.s had appeared, and the heart rot was com- 
pletely eliminated by heavier applications. It is also im.portant to 
note that in 1941 substantial and significant increases in yield were 
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brought about by the delayed treatment. There was an increase of 
approximately 70 percent over the untreated plots in the 40-pound 
treatment. The decrease in the 60-pound treatment as compared 
with the 40-pound application was due principally to a reduction in 
stand caused by rhizoctonia root rot. 


Table 8. — The effect of a single dressing of borax during the gi' owing season on the 
occurrence of internal black spot of Detroit Dark Red garden beets and of heart rot 
of sugar heels grown at Winneconne, ITis. 


Amount of borax applied (pounds per acre) 

Detroit Dark Red garden beets 

Sugar beets 

1938 1 

1939 2 

1941 3 

Plants 

diseased 

Severity 
of disease 

Plants 

diseased 

Severity 
of disease 

Heart 

rot 

Yield per 
acre 

0 - 

Percent 
45. 5 
16.0 
5.5 

Index 

26.4 

10.4 
1.7 

Percent 
91.3 
8.7 
2.0 
* 0 

.7 

Index 

83.7 

5.0 

1.4 

0 

.7 

Percent 

75.4 

6.5 

Tons 

7.2 

9.5 
12,2 

9.6 

20 ----- 

40 - 

60 - 

80 1 - - 

11.5 

3.8 




Difference required for significance (19:1),. 

9.8 

8.3 




1.6 





1 Data based on 50-plant samples taken at random from each of 2 replicates. 
3 Data based on 50-plant samples taken at random from each of 3 replicates. 
3 Data based on two 50-foot rows from each of 4 replicates. 


In 1939 at Winneconne a single midseason treatoent was com.pared 
with treatoents in which two and three applications were made at 
intervals of approxim.ately 1 week. The results of this series are given 
in table 9. The disease was reduced to a sm.all amount by a single 
40-pound treatoent. One supplementary 20-pound treatm.ent re- 
duced it still more while two subsequent 20-pound treatm.ents com.- 
pletely eliminated black spot. This would indicate that the lack of 
complete control experienced in previous treatm.ents at plantmg tim.e 
or in midseason m.ay be due either to lack of sufficiently complete 
distribution of boron in the soil or to lack of complete availability 
throughout the growing period. The greatest need for boron under 
average Wisconsin summer conditions for garden beets and sugar 
beets appears to be during the period imm.ediately following the 
midpoint between sowing and harvest. In this experiment the first 
application of borax was m.ade 44 days after sowing and 42 days 
before harvest. 

Table 9.— The effect of one, two, and three top dressings of borax during the growing 
season on the occurrence of internal black spot in Detroit Dark Red beets (Mom 
strain) sown at Winneconne, Wis., on June 20, 1939 


Amount of borax added per acre on 
dates indicated 

j Disease development ^ 

Aug. 3 

Aug. 9 

Aug.. 16 

Plants dis- 
eased 

Severity of 
disease 

Pounds 

Pounds 

Pounds ‘ 

Percent 

Percent 

0 -.-- 

0 

0 i 

88.9 

78.9 

40 

0 

0 

1.3 

1.3 

40 

20 

0 

.6 

.6 

40.. 

20 

20 

0 

0 


1 Data from 50-plant samples taken at random from each of 3 
replicates on September 14. 
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In 1940 and 1941 the method of midseason application, i.e., broad- 
cast dry or applied as a spray in water suspension, was compared at 
Clyman with application at planting time. In 1940, since only a 
trace of black spot appeared, no data on disease control were secured. 
Yield records showed no consistent difference between the midseason 
spray treatment and side-dress treatment at planting at 20-, 40-, 
and 60-pound applications of borax. The midseason dry treatment 
showed a depression in yield at each level of borax when compared 
with the other two treatments. The differences were barely signifi- 
cant, however. The results in 1941 are given in table 10. The mid- 
season spray was slightly better than the broadcast treatment at 
planting time in both disease control and in yield, while the midseason 
dry treatment was definitely less effective in both respects. It is 
therefore evident that midseason treatments are more effective if 
sufficient water is applied with the borax to facilitate immediate 
availability to the plants. 


Table 10. — Effect of borax applied by different methods on the incidence and severity 
of black spot and on yield of Perfect^ Detroit garden beets grown on Clyde silt 
loam at Clyman, TFis., ^ 


Borax applied 

Disease development 


Amount (pounds per 
acre) 

Method 

Time 

Plants dis- 
eased '2 

Severity of 
disease 2 

acre 





Disease 





Percent 

index 

Tons 

None 



40 

19.5 

4.4 

50 

Broadcast 

Planting time. 

5 

1.2 

4.6 

50 

Spray 

Midseason 

3 

.9 

5.0 

60 

Dry 

Midseason 

7 

4.5 

4.4 


1 Seed sown May 27; harvest data taken Ana;. 19. 

2 Based on 25-beet samples from each of 3 replicates. 


Eb^fect of Application of Boeax on Canning Quality of Gakden Beets 

Samples were taken from the plots at Clyman for canning tests in 
1938, 1939, and 1940 to determine whether boron applications had 
any detrimental effects on canning quality. In 1938 composite 
samples from the three replicates of each treatment were tested for 
the two varieties used. In 1939 and 1940 separate samples were 
taken from each replicate of plots receiving no borax, and those 
receiving 20, 40, 60, and 100 pounds per acre. No significant dift’er- 
ences in quality were found between the samples from treated and 
untreated plots when examined by several canners who judged the 
canned product. 

Relation of Liming of Soil to Inteknal Black Spot 

The common occurrence of boron deficiency in garden beet in soils 
neutral or alkaline in reaction has already been noted. Overliming 
of soils has been associated with boron deficiency by numerous investi- 
gators. Presumably boron becomes less available to the plant in an 
alkaline soil, although the nature of its fixation is not fully understood. 
Cook and Millar (8), Muhr {17), Wolf {26), Ferguson and Wright {IS), 
and Midgley and Dunklee {16) are of the opinion that boron is fixed 
in limed soils in the form of insoluble boron compounds, while Bobko 
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et al. ( 4 ), Naftel (IS), and Hanna and Purvis ( 14 ) are of the opinion 
that activity of soil micro-organisms accounts for some of the fixation. 

In 1940 a study was made of the development of internal black spot 
in Good For All and Detroit Dark Red (Ferry strain) beets on two 
series of plots which had been treated with various amounts of lime 
or sulfur in the spring of 1935 to adjust the soil reaction to various 
levels. One series was located on Plainfield sand in central Wisconsin 
(near Arnott, Portage County) ; the other was on Antigo silt loam in 
northcentral Wisconsin (near Antigo, Langlade County). Each of 
the series was designed to provide a range of reactions from about 
pH 4.5 to 8.0. It may be seen from the annual pH readings in table 
11 just how the reactions became adjusted and the extent to which 
they reverted to the original level during the 5-year period. Beets 
planted on these plots in the sixth season after treatment (1940) were 
examined for black spot (table 11). 

In Antigo silt loam no black spot was found except in those treat- 
ments in which the soil reaction was still alkaline, and in the more 
susceptible of the two varieties the disease was decidedly more severe 
where the heavier treatment with lime had maintained the highest 
alkalinity. In Plainfield sand, however, the disease was marked at 
the 3,000-pound treatment, increasing with heavier dosages of lime. 
This correlation prevailed in spite of the fact that at no time did the 
soil reaction reach neutrality except in the heaviest treatment and 
that in two treatments the reaction had receded to around pH 5.5 at 
least 2 years before that in which beets were grown. It seems quite 
evident that in this light soil the liming treatment tied up boron with- 
out neutralizing the soil solution and that some of the boron remained 
unavailable to plants over a period of several years. This soil was 
so low in calcium that beets grew very poorly in the untreated and 
sulfur-treated plots, which were extremely acid, while the 1,000-pound- 
lime-treated plot, although its reaction was equally acid, supported 
good growth. This raises the question whether borax should not be 
applied generally on this soil in order to offset the fixation of available 
boron when it is limed for legumes or other crops. 

DISCUSSION 

The occurrence of internal black spot in garden beets is much more 
important than the relative percentage of affected plants would signify. 
This is because the necrotic areas are detected with difficulty and 
because their presence in the canned product even in small amounts 
has been ruled by food inspection authorities as sufficient to render a 
given lot unfit for sale as human food. Thus, a relatively small 
amount is enough to cause a complete loss. The initial purpose in 
the study with garden beets was to determine the relation of boron to 
the development of internal black spot, to learn whether any other 
minor element had a supplementary influence, and to ascertain how 
effective applications of borax to deficient soils could be for the control 
of the disease. 

From the results presented in this paper there is abundant evidence 
that boron deficiency in the soil is responsible for the nonparasitic 
abnormal development of the garden beet which leads to necrosis in 
the root. It is also shown that varieties of garden beet vary in their 
pathologic response to this deficiency. Furthermore, table beets are 
in general more susceptible to this disease than sugar beets. 
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111 tlie experiments conducted, the application of borax to the soil, 
either as a side-of-row band or broadcast, has never failed to reduce 
the amount of disease. However, as a rule, increasing amounts of 
borax, although they have tended to reduce the amount of black spot, 
have failed to control the disease completely. When substantial 
amounts of manganese, zinc, copper, cobalt, and sodium were applied 
no consistent change in the extent of black spot resulted. This seems 
to remove the probability of black spot being associated with a defi- 
ciency of other trace elements now regarded as essential at some time 
or other in the normal development of most crop plants. 

It has become apparent in the studies in sand culture, in pot cultures 
with soil, and in midseason applications of borax in the field that boron 
when first applied as borax or boric acid is readily available through 
roots or leaves and is transported rapidly to those meristematic regions 
where its deficit becomes most quickly apparent. It is equally ap- 
parent that boron rather readily becomes locked in an immobile form 
in the tissues of maturing organs or regions within such organs, and 
once in that state it is of little immediate use to the meristematic tissues. 
This observation is in agreement with the recent work of Wolf {26) 
with cauliflower. 

Since the quality requirements of table beets make it important that 
meristematic regions in the root have adequate boron at all times, the 
program of control must take into account the availability of boron 
in the soil and its mobility in the plant. The consistent lack of com- 
plete control when large quantities of borax were applied at planting 
time has not been adequately explained. It is apparent from 4 years^ 
observation that the disease develops in late July or August in Wis- 
consin, when the crop is usually about midway between sowing and 
harvest. At this period 40 to 60 days have elapsed after the applica- 
tion of borax. When borax was applied in midseason before the 
appearance of symptoms the disease was controlled as well as and in 
some cases better than when applied at the time of planting. 

In the experiments on silty clay loam at Winneconne about the 
same degree of control was secured in the second year as in the season 
immediately following spring application, indicating that a consider- 
able part of the boron applied remained available in this alkaline soil 
in addition to that which may have leached away or become fixed 
chemically or biologically. On the other hand, it was obvious from 
the experiments on sandy loam at Arnott that treatments with lime 
tended to result in less available boron 5 years later and long after the 
soil reaction had become quite acid. 

The most acute and severe development of black spot has occurred 
when a protracted dry spell during which the plants have slowed down 
very decidedly in growth is followed by abundant soil moisture and a 
sudden increase in growth. Under such conditions the plants seem 
to be unable to get adequate boron for all their needs and necrotic 
break-down occurs. If borax has been applied to the soil most plants 
secure enough boron, but some fail to do so and a certain amount of 
disease results. Some indication of this may be seen in the work of 
Eaton and Wilcox (i^) on boron toxicity in soils of various types 
under various conditions. They point out that— 

When new boron is added to a soil * * * drying is an inaportant adjunct to 

fixation. When soils are dried, the concentrations of all soil-solution constituents 
are increased to saturation, which is followed by precipitation. In the soils with- 
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out added boron this precipitation is reversible, since on rewetting, the initia 
concentrations are again found. When boron is added to the soil and then dried, 
however, a part of that which has been added is not recovered on resuspension. 

Variation between individual plants and between strains of garden 
beets is another factor which probably enters into the clinical picture 
of the black spot disease. It has been shown that Good For All is 
very susceptible and that the two strains of Detroit Dark Red differ 
in their reaction under some field conditions. It would be of interest 
to inquire further into the nature of these differences. The nature 
and extent of the root system might have an important bearing upon 
the reaction of individuals or strains in the acquisition of boron from 
the soil when it is needed most vitally by the plant. 

SUMMARY 

The development of the symptoms of boron deficiency on young 
seedlings of garden beet in quartz-sand culture is described. The 
disease appeared promptly as an intensification of red pigment, 
unilateral development of leaf lamina, stunting, and death of the 
growing point. In plants allowed to grow slightly older before boron 
deficiency became acute, symptoms of the same type appeared more 
slowly. Boron became fixed promptly in the tissues, with the result 
that mature leaves did not yield mobile boron readily to meristematic 
regions. However, soluble boron as boric acid in the nutrient sup- 
plied through the roots or applied to older leaves was transported 
readil}/ to the aerial growing tip, stimulating normal growth. In 
garden beets grown in complete solution long enough for taproot 
enlargement, typical black spot appeared gradually after the boron 
supply was eliminated, in rings in which bundles had differentiated 
most recently. Plants grown in the greenhouse on soil from fields 
where severe black spot of garden beet or heart rot of sugar beet had 
occurred ordinarily did not show acute or severe symptoms, although 
growth responses to the addition of borax to the soil were secured. 
Greenhouse diagnosis of boron deficiency by pot tests was not satis- 
factory. 

In a survey of the occurrence of internal black spot of garden beet 
in Wisconsin during the growing seasons of 1937, 1938, 1939, and 1940, 
the disease was found most often in soils with neutral or alkaline 
reaction. It occurred on soils ranging from light sandy loam to 
dark silty clay loam and was about equally prevalent in high and low 
parts of the field. 

In field experiments at several locations in Wisconsin during the 
seasons of 1938, 1939, 1940, and 1941 the application of borax to the 
soil consistently reduced the internal black spot disease of garden 
beet and the heart rot disease of sugar beet. 

Other minor elements, including manganese, zinc, copper, iron, 
and cobalt, when applied as soluble salts, did not reduce the disease. 

Heart rot of sugar beet was corrected effectively with smaller 
applications of borax than were necessary for the control of internal 
black spot of garden beet. Even as heavy applications as lOOpounds 
of borax per acre often did not completdy eliminate the black spot 
disease. 

Broadcast applications on slightly alkaline Poygan silty clay loam 
in 1938 were effective for two successive seasons and partly so for the 
third season. During the first season broadcast applications of as 
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high as 60 pounds per acre, disked into this soil prior to planting, were 
not injurious to either garden or sugar beet and only very slightly so 
to the garden bean, which is very sensitive to boron toxicity. 

Applications of borax with the fertilizer in bands IK to 2 inches 
removed from and at the same depth as the seed were equal in effec- 
tiveness to broadcast treatments. 

Increases in yield of garden beet commonly, but not always, re- 
sulted from borax applications. An increase occurred in one in- 
stance where the boron naturally available in the soil was sufficient 
to prevent black spot. 

Midseason applications of borax, either in the dry form or in liquid 
suspension, were effective in controlling black spot when carried out 
just before or at the time of the first appearance of symptoms in 
the leaves. 

Applications of borax up to 100 pounds per acre did not alter the 
canning quality of the garden beet. 

Boron deficiency appeared in garden beets grown on Antigo silt loam 
limed 5 years earlier to maintain an alkaline reaction during the 
intervening period. Where the lime applied had not brought the 
reaction up to neutrality black spot did not occur. In Plainfield sand 
similarly treated, however, black spot appeared in all limed plots 
and severely in one in which a pH reading as high as 6.0 had been 
recorded in only 1 of the intervening 5 years. This shows that soil 
types differed in the degree to which available boron was tied up by 
liming and that, in sandy soil, boron deficiency was made acute by 
liming without the soil solution approaching an alkaline reaction and 
for a 5-year period after the treatment. 
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THE NUTEITIVE VALUE OF CERTAIN FISH MEALS AS 
DETERMINED IN TESTS WITH SWINE AND RATS ^ 


By E. R. Barrick, assistant in animal husbandry, C. M. Vestal, associate in 

animal husbandry, and C. L. Shrewsbury, associate chemist in animal husbandry 

and agricultural chemistry, Purdue University Agricultural Experiment Station 

INTRODUCTION 

The use of fish meal in mixed protein supplements for fattening 
swine has becom.e widespread in certain sections of the Corn Belt. 
The value of this practice was demonstrated by Vestal ^ at the Purdue 
ExT>eriment Station. 

As several different kinds of fish m.eals are available, there is a 
demand for information on their com.parative feeding value. Men- 
haden meal from the east coast and sardine and herring meals from 
the west coast are the m.ost readily available at prices the swine feeder 
is willing to pay. 

The purpose of this investigation was to determine whether there 
is any significant difference in the nutritive value of several com- 
mercial fish m.eals when fed to swine and rats. 

LITERATURE REVIEW 

Num.erous investigations have been conducted with chickens and 
white rats which show that the nutritive value of fish meals may vary 
as a result of source of material and method of processing. It has 
repeatedly been demonstrated {1,2,3,6,10,11,12,18, H, 16, 17, 18) ® 
that vacuum-dried meals and meals dried at reduced temperatures 
are superior in feeding value to those dried at high temperatures. 
Wliite fish m.eals have frequently given better results than dark fish 
meals, although the variety of fish from which the meal is made appears 
to have much less effect on the finished product than the freshness of 
the m.aterial and the m.ethod of processing. 

The temperature used in the drying process is one of the most 
important causes of variation in the finished product. The con- 
sistently high feeding value reported for vacuum-dried meals as com- 
pared to flame-dried meals indicates the necessity of controlled temper- 
ature during the drying process. Ingvaldsen (6) found that when 
m.eals were subjected to temperatures higher than 190° G., a diminu- 
tion in arginine and cystine occurred. He also reported (7) lowered 
tyrosine, tryptophane, and cystine content of fish meals due to 
putrefaction. 

Few experiments to determine the comparative value of different 
kinds of fish meal in swine rations have been reported. Investigators 
at the Iowa Agricultural Experim.ent Station (8), Foster and Hostetler 
(4), Kyzer and Jones {9}, and Willman and Morrison (19) found very 

1 Received for publication February 6, 1942. From a thesis submitted to the faculty of the Graduate 
School of Purdue University by E. R. Barrick in partial fulfillment of the requirements for the degree of 
master of science, June 1941. No. 1, Journal Series, Purdue University Agricultural Experiment Station. 

2 See Vestal, C. M. mimeographed reports, 1937, i 938 , 1939, 1940. 

3 Italic numbers in parentheses refer to Literature Cited, p. 133. 
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little difference in the feeding value of different fish meals for fattening 
swine, particularly when the meals were fed in combination with other 
protein feeds. 

MATERIALS AND METHODS 

Feeding trials were conducted with both swine and white rats. 
Swine were used for comparative trials of the feeding value of flame- 
dried menhaden, sardine, and herring fish meal in a commonly used 
mixed protein supplement. Rats were used to determine the protein 
efficiency of the fish meals when they were fed as the only protein 
supplement to corn. Two vacuum-dried whitefish meals and a steam- 
dried sardine meal were also tested under these conditions. The 
rate and efficiency of gain were used as a basis for evaluating the 
results. The results were treated statistically by the analysis of 
variance technique as given by Snedecor {15). Significant mean 
differences at the 5-percent level and highly significant m.ean dif- 
ferences at the 1-percent level are given when such differences existed. 

SWINE-FEEDING TRIALS 

Three similar feeding trials with the fish meals were carried out 
with swine in dry lot. The first trial was conducted during the winter 
of 1939-40, the second during the summer of 1940, and the third 
during the winter of 1940-41. 

EXPERIMENTAL ANIMALS AND RATIONS 

The pigs were obtained from the Purdue experim.ental swine herd 
of Duroc-Jerseys, All the animals were healthy and normal in size 
for their age at the beginning of the experiment. In each trial the 
pigs were divided as uniformly as possible according to size, sex, and 
probable ability to gain in the feed lot. The average weight of the 
pigs was approximately 70 pounds each at the beginning of the experi- 
ment, and they were fed until they reached a market weight of approx- 
iniately 225 pounds. Ten pigs were started in each lot in the first 
trial, 15 in the second, and 12 in the third. One pig in the lot, fed 
sardine meal, died in the second trial, and 1 pig was removed from the 
sardine feed-lot in the third trial after 69 days. The quarters for each 
lot of pigs consisted of a colony house and a dry lot approximately 30 
feet wide and 60 feet deep. 

The rations were com.posed of No. 2 yellow shelled corn fed free 
choice with a protein supplemental mixture composed of 40 percent 
expeller-process soybean oil meal, 20 percent meat and bone scraps, 
20 percent fish m,eal, 10 percent cottonseed m.eal, and 10 percent alfalfa 
leaf m.eal. A mineral mixture containing 10 pounds of steamed bone- 
meal, 10 pounds of pulverized lim.estone, and 1 pound of common salt 
was available to the hogs at all times. Block salt was also kept before 
the hogs. The shelled corn, mixed protein supplement, mineral mix- 
ture, and salt were fed free choice in self-feeders. 

The experimental rations differed only in the kind of fish m.eal 
included in the mixed protein supplement. The other constituents of 
the protein supplement were obtained on the local market. A complete 
chemical analysis was made of each ingredient of the mixed supplement 
(table 1). 
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Table 1.- 


-Analysis of the feeds used in the mixed protein supplement of the swine 
rations 


Trial No. 

Mois- 

ture 

Protein 

Fat 

Fiber 

Ash 

Nitro- 

gen-free 

extract 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

fl 

5.7 

66. 2 

-4. 4 

0.3 

17.5 

5.9 

\2 and 3.. 

6. 4 

65.8 

5. 1 

.5 

18.3 

3.9 

(1 and 2.. 

5.1 

70.9 

5.5 

.4 

11.4 

6.7 

13 

6.7 

65. 1 

4.3 

.8 

16. 9 

6.2 

/land 2.. 

5. 1 

75. 1 

6.6 

.4 

11. 1 

1.7 

13 - 

8.2 

69. 9 

9.2 

.8 

11.5 

• .4 

fl 

7.7 

45. 4 

6.8 

5. 6 

5.0 

29.5 

\2 and 3.. 

8.7 

' 46. 1 

5.5 

6. 1 

4.7 

28.9 

ri 

5.0 

51.0 

7.6 

2.4 

30.1 

3.9 

12 and 3.. 

5.7 

49-9 

6.2 

2.0 

34.2 

2. 0 

fl 

6.2 

41. 1 

6.2 

9.9 

6.3 

30. 3 

\2 and 3.. 

4.8 

41.3 

5.8 

10.0 

6.9 

31.2 

/l- 

6.8 

18. 2 

2.9 

20.4 

9.1 

4 2. 6 

\2 and 3-. 

4.3 

24.9 

3. 6 

16.2 

8.2 

42.8 


Ingredient 


Menhaden fish meal (flame-dried) 
Sardine fish meal (flame-dried)... 
Herring fish meal (flame-dried)... 

Soybean oil meal — 

Meat and bone scraps 

Cottonseed meal 

Alfalfa leaf meal 


The initial weight recorded for each pig is the average of weights 
taken on 3 consecutive days. The 3-day average weight was considered 
the starting weight. A similar procedure was followed in determining 
the final weight at the close of the experiments. Group weights were 
taken every 10 days and individual weights every 30 days. The feed 
records were tabulated by 10-day periods corresponding to the 10-day 
weight periods. 

EXPERIMENTAL RESULTS 


Because of the difference in protetin content of the fish meals there 
was a slight variation in the total protein of the supplements containing 
the different fish m.eals. This variation was not more than 2.4 percent 
in any of the trials. 

The results of the three feeding trials are shown in table 2. The 


Table 2.~-~Weights, gains, and feed consumption of pigs fed^ different kinds of fish 

meal ^ 

[Summary of 3 trials] 


Fish meal in ration 

Trial 

No, 

Hogs 

fed 

Per- 

iod 

on 

feed 

1 , 

Aver- 

age 

initial 

weight 

Aver- 

age 

final 

weight 

Aver- 

age 

toial 

gain 

Aver- 

age 

daily 

gain 

Aver- 

age 

daily 

feed 

con- 

sump- 

tion 

Total 
feed 
per 100 
pounds 
of gain 

Ratio 
of con- 
sump- 
tion of 
protein 
supple- 
ment 
to corn 

Menhaden (flame- 
dried). 

Sardine (flame- 
dried). 

Herring (flame- 
dried). 

fl 

N^nm- 

her 

10 

15 

12 

Days 

90 

85 

100 

Pounds 

71.1 

69.0 

57.8 

Pounds 

222.7 

205.0 

233.3 

Pounds 

151.6 

136.0 

175.5 

Pounds 
1.68 
1.60 1 
1.76 

Pounds 

6.6 

5.9 

7.1 

Pounds 

383 

368 

400 

1:7.9 

1:6.0 

1:9.5 

2. 

h 

1 Average- 

12.3 

91.7 

66.0 

219.0 

153.0 

1.67 

6.4 

384 

1:7.6 

fl-.-. 

10 

14 

11 

90 

85 1 

100 

71.0 

69.0 
58.2 

22,8.7 

205.4 

238.4 

157.7 

136.4 

180.2 

1. 75 

1. 60 

1. 80 

6.4 
5.9 
”• 1 

364 

366 

396 

1:5.4 

1:7.7 

1:10.3 

2 ■ 

]3 

Average- 

11.7 

91.7 j 

66.1 

222.4 

156.3 

1. 71 

6.4 

i 376 

1:7.6 

fl. ...... 

10 

15 

12 

^ 90 

85 

100 

71.5 
69.0 
57. 9 

215. 2 
206.5 
230.8 

143. 7 
137.5 
172. 9 

1.60 

1.62 

1.73 

6.3 

6.0 

6.8 

393 
370 

394 

1:5.8 

1:7.2 

1:10.2 

2__ 

43..----- 

Average. 

12.3 1 

91.7 

66.1 

216.8 

150. 7 

1.64 

6.3 

385 

1:7.6 


1 Rations self-fed, free choice: Corn, fish-meal suppleihent mixture, and mineral. 
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differences in gains between the lots were not statistically significant 
in any of the trials. 

In trial I, conducted during the winter of 1939-40, the rate of gain 
was 1.68, 1.75, and 1.60 pounds respectively for the naenhaden-, 
sardine-, and herring-fed lots. The group receiving herring meal 
required 392.7 pounds of feed for each 100 pounds of gain, while the 
lot fed menhaden meal required 383.3 pounds and the lot fed sardine 
meal required only 363.9 pounds. The lots fed sardine and herring 
meal both consumed excessive amounts of the protein supplement. 

In trial 2, conducted in the summer of 1940, for all three lots the 
rates of gain and of feed consumption for each 100 pounds of gain were 
practically the same; however, in this trial the lot receiving the men- 
haden meal consumed more supplement than the lots receiving sardine 
and herring meals. This may have been due to the fact that a fresh 
supply of menhaden meal was used in this trial. 

The third trial, conducted in the winter of 1940-41, confirm.ed the 
results of the previous trials. There was very little difference in either 
rate of gain or feed consumption for the three lots. 

SUMMARY OF RESULTS 

The results with swine indicate that the beneficial qualities of fish 
meal as a constituent of mixed supplements were supplied equally 
well by menhaden, sardine, and herring meals. However, there was 
a slight tendency for the gains to be a trifle higher on the sardine 
fish-m.eal ration and the feed required for 100 pounds gain was also 
slightly less. The results also show that the same commercial brand 
of fish meal m.ay vary considerably in palatability as judged by a 
comparison of feed consum.ption. 

RAT— FEEDING TRIALS 

The feeding experiments with rats consisted of two parts. The 
first was designed to gain information on a larger number of fish meals 
than was studied with hogs. The consumption of feed was unre- 
stricted and fish meal was used as the only protein supplement to 
corn. The second was planned to obtain a more accurate comparison 
of the protein efficiency of the fish meals used in the swine-feeding 
trials by equalized feeding of groups of three animals. 

FEED CONSUMPTION UNRESTRICTED 

In the '^ad libitum’^ experiments, six different fish m.eals were com- 
pared in two sim.ilar trials. The mixed rations consisted of finely 
ground yellow corn with sufficient fish meal added to bring the pro- 
tein content to approximately 14 percent. One percent of cod-liver 
oil and 2 percent of a mineral mixture were included in the rations. 
The composition of the rations is shown in table 3 and the analysis of 
the fish meals in table 4. 
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Table 3. — Rations fed to rats to determine the comparative value of different fish meals^ 


Feed used 

Ration number 

1 

2 

3 

4 

5 

6 

Yellow corn,. .. 

Percent 

87.2 

9.1 

Percent 

87.2 

Percent 

87.2 

Percent 

87.2 

Percent 
87. 2 

Percent 

86.5 


Sardine fish meal (flarrie-dried) 

8.5 





Sardine fish meal (steam-dried) . . 


8.5 




Herring fish meal (flame-dried) 



8,0 



Whitefish meal (vacuum-dried) . .. 




9.3 


Whitefish meal blend (vacuum-dried) 





10. 5 
0.0 
2.0 
1.0 
13. 89 

Dextrin 

Mineral 2 ... 

.7 

2.0 
1.0 
14. 03 

1.3 
2.0 
1.0 
14. 10 

1.3 

2.0 

1.0 

14. 05 

1,8 

2.0 

1.0 

13.91 

.5 

2.0 

1.0 

14.02 

Cod-liver oil. 

Total protein 


1 Feed consumption unrestricted. 

2 The mineral mixture was composed of 10 parts limestone, 10 parts special steamed bonemeal, and 1 part 
common salt. 


Table 4. — Analysis of fish meals used in rat experiments 


FivSh meal in ration 

Moisture 

Protein 

Fat 

Fiber 

Nitrogen- 

free 

! extract 

^ Ash 

Menhaden (flame-dried) , , 

Percent: 
5.7 
5. 1 

5.5 
5. 1 

13.4 

6.5 

Percent 

66.2 

70.9 

71.0 

75.1 

64.1 

57.2 

Percent 

4.4 

5.5 
3.4 

6.6 
3.6 
'7.5 ' 

Percent 
0.3 
.4 
.6 
.4 1 
.4 

2. 2 

Percent 

5. U 

6. 7 
3.8 
1.7 

0 

3.2 

' Percent 
17.5 

11.4 
15. 7 
11.1 
20.9 

23. 4 

Sardine (flame-dried) 

Sardine (steam-dried) 

Herring (flame-dried) 

Whitefish meal (vacuum-dried) 

Whitefish meal blend (vacuum-dried) 


Corn supplied 57.9 percent of the total protein in the ration and 
fish meal 42.3 percent. When necessary, dextrin was added to balance 
the ingredients. The corn used was No. 2 yellow dent, and the fish 
meals were standard com.m.ercial grades. 

Albino rats were started on feed in individual cages at about 3 weeks 
of age, when they weighed 35 to 45 gm. each, and were fed for a period 
of 8 weeks. Weekly records were kept of the gains made and the feed 
consumed. Ten litters of rats were used, one animal from, each litter 
being represented on each ration. In the first trial there were six 
males and four females on each ration. 

The results of the two trials are shown in table 5. The differences 
in gain in the first trial were not significant; however, there was a 


Table 5. — The nutritive value of different fish meals in rations for rats ^ 


Fish meal in ration 


M'enhaden (flame-dried) 

Sardine (flame-dried),... ... 

Sardine, (steam-dried) ........... 

Herring (flame-dried) .................. 

Whitefish meal (vacuum-dried) ....... 

Whitefish meal blend (vacuum-dried) 

J Feed consumption unrestricted, 

: .^0701(1— 43 -3:' 


Trial 

No. 

Mean 

gain 

Adjusted 
mean gain 

Mean feed 
consump- 
tion 

Feed per 
gram of 
gain 


Grams 

Grams 

Grams 

Grams 

f 1 

185.9 

199.1 

777.9 

4.19 

\ 2 

192. 6 

200. 1 

715. 9 

3,72 

/ 1 

211.6 

197. 9 

851. 3 

4.02 

1 2 

243.2 

211.5 

826. 8 

1 • 

[ ^ 

188.5 

197.3 

788.6 

4. 18 

) 2 

208.3 

199. 3 

762. 7 

3.66 

/ 1 

177.7 

204.4 

741.2 

, 4.17 

1 2 

170.5 

215. 4 

610.0 

3.58 


198.8 

185.0 

851.7 

4.28 

1 2 

205. 3 

191.8 

775. % 

3. 78 

/ 1 

196.2 

172. 8 

879,7 

4.48 

\ 2 

190.0 

191.8 

732, 1 

3.85 
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significant difference in tlie amount of feed consumed, indicating 
tliat the fisli. meals varied in palatability. In order to adjust the mean 
gains to the same level of food consumption the data were analyzed by 
the analysis of covariance (table 5). A difference in the adjusted 
mean gain of 15 gm. is significant at the 5~percent level and a difference 
of 20 gm. is signilicant at the 1-percent level. The following significant 
differences in the nutritive value of the fish meals are shown: Herring 
higher than wliitefish and whitefish blend; sardine higher than white- 
fish blend; sardine (steam-dried) higher than whitefish blend; and 
menhaden higher than whitefish blend. 

In the second trial eight m.ales and two females were fed on each 
ration. As in the previous trial each rat had a litter m.ate on every 
other ration. 

The analysis of the data of the second trial shows there was a 
significant difference in the gains m.ade as well as in the amnunt of 
feed consumed. The least significant m.ean differences were 32.8 gm.. 
for the mean gain and 83.6 gm.. for the m.ean feed consum.ption. The 
data show that the flam.e-dried sardine, steam.-dried sardine, and 
whitefish m.eal all produced significantly larger gains than the herring 
meal. However, the feed consum.ption for the herring m.eal group 
was significantly lower than for any other ration. This m.ay have 
been due in part to its high fat content. 

In order to determine whether the differences in gain resulted en- 
tirely from variation in quantity of feed consumed or from, a difference 
in the nutritive value of the fish m.eals, the m.ean gains were adjusted 
for feed consum.ption as in trial 1. The resxilts (table 5) demonstrate 
that palatability does not account for all the difference in gain. A 
dift‘erence of 14.5 gm.. gain is significant at the 5-percent level and a 
difference of 19.4 gm.. is significant at the 1-percent level. 

An interesting result revealed by this analysis was that the herring 
meal was apparently the least palatable and produced the smallest 
gain, yet it appeared to have a higher nutritive value than som.e of 
the other fish meals. The results of the controlled feeding trails 
substantiate this conclusion. 

CONTROLLED FEEDING 

The m.enhaden, sardine, and herring fish meals were compared by 
applying the paired feeding technique to triplicates. Each m.em.ber 
of a triplicate received the sam.e am.ount of feed, the memher con- 
sum.ing the smallest am.ount limiting the intake of the other two. A 
triplicate was composed of litter mates of the sam.e sex that did not 
vary more than 3 gm. in starting weight. 

These trials were conducted with rations of approxim.ately 8.5, 
10.5, apd 12.5 .percent protein (table 6) . The proportion of protein 
supplied. by themorn. and fish m.eal was kept the same at each level. 
The fetvl was weighed out to each rat daily to the nearest 0.1 gm. 
on a tbreion balance and the gain in weight of the rats was recorded 
by 7“dtiy periods. Eight rats were fed on each fish meal at each 
protein level for a period of 7 weeks. 

A summ.ary of the results for the three protein levels is shown in 
table 7. The least significant mean differences in gain were 3.85, 
3.47, and 4.01 for the 12. 5-, 10. 5-, and 8.5-percent levels of protein 
respectively. The data indicate that there were significant differ- 
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ences in the nutritive value of the meals. Except at the 8.5-percent 
protein level the sardine meal showed a higher nutritive value than 
the herring and menhaden meals, and the herring meal showed a 
higher nutritive value in all three trials than the mnnhaden. At 
none of the levels of protein intake was the difference in the gains 
m.ade on the sardine and herring m.eals significant at the 1-percent 
level. However, at all three levels of protein intake, both the sar- 
dine and herring meals produced gains that were significant at the 
1-percent level over those produced by the ro.enhaden m.eal. This is 
also shown by the m.eans of the three levels for each fish m.eal (table 
7, last column) where a difference of 2.47 gm.. is necessary for the 
5-percent level and a difference of 3.31 gm.. for the 1-percent level. 


Table 6. — Rations fed to rats in controlled feeding tests of different fish meal rations 


Feed used 

Trial 1 rations (at the 
12.5-percent protein 
level) 

Trial 2 rations (at the 
10.5-percent protein 
level) 

Trial 3 rations (at the 
8.5-percent protein 
level) 


1 

2 

3 

1 

2 

3 

1 

2 

3 

Yellow corn 

Menhaden fish meal 

Percent 

80.0 

8.3 

Percent 

80.0 

Percent 

80.0 

Percent 

67.6 

7. 1 

Percent 

67.6 

Percent 

67,6 

Percent 
55. 3 
5.8 

Percent 
55. 3 

Precent 
55. 3 

Sardine fish meal 

7.7 


6.6 


5.4 


Herrinc; fish meal 



7.3 


6.2 


5. 1 

Dextrin. 

8. 7 

9.3 

9.7 

22.3 

22.8 

23. 2 

35.9 

36.3 

36. 6 

Mineral 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Cod-liver oil 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


Total protein 

12.31 

12. 44 

12. 24 

10. 72 

10. 80 

10. 59 

8. 63 

■ 8. 61 

8. 66 



At the 12.6-percent protein level At the I0.5-pereent protein level At the 8.5-percent protein level 
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The data obtained in this experiment in which feed consumption 
was controlled confirm the results shown by the analysis of covariance 
in the ad libitum feeding trials; namely, that the herring m.eal had a 
nutritive value nearly as high as the sardine meal although it was mncli 
less palatable. In the paired feeding trials the rats receiving herring 
meal most consistently limited the feed intake of the other members 
of the triplicate. The menhaden meal was second in this respect. 

DISCUSSION OF RESULTS 

The rat-feeding experiments showed that the fish meals differed in 
palatability and nutritive value. However, these differences were not 
detectable in swine-feeding trials when the fish m.eals were fed in 
combination with several sources of protein. 

The whitefish meals (vacuum-dried) used in this investigation were 
not fmmd to be superior to flame-dried menhaden m.eal as has been 
reported in the literature (5, 12j 14 j 16), 

It is realized that additional work in this field of investigation is 
necessary before definite conclusions can be form.ed, for the same 
kind of fish m.eal may vary considerably from tim.e to time because of 
uncontrollable conditions inherent in the fish-m,eal industry. The 
results of this investigation should therefore not be applied to all 
commercial fish meals until they are verified by testing a larger 
number of samples of the sam.e kind of m.eals. 

SUMMARY AND CONCLUSIONS 

A study was m.ade of the comparative nutritive value of several 
different commercial fish m,eals by including them in rations of swine 
and rats. 

Menhaden, sardine, and herring fish meals were found to have 
equal value in a mixed protein supplement when fed to swine. 

The experiments with rats showed differences in palatability and 
nutritive value of the fish meals when they were fed as the only 
protein supplement to corn. 

Ad libitum feeding experiments with rats showed that the sardine 
and whitefish meals were more palatable than the menhaden and 
herring meals. Sardine meal appeared to be slightly superior to the 
other meals in palatability and nutritive value. Although herring 
meal was the least palatable it had a nutritive value comparable to 
sardine meal. 

Controlled feeding trials with rats showed that the sardine and 
herring m,eals were superior in nutritive value to the m.enhaden m.eal, 
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FUNGI ASSOCIATED WITH CERTAIN AMBROSIA 

BEETLES ' 


By Arthur F. Verrall^ 

Assistant pathoJogisty Division of Forest Pathology j Bureau of Plant Industry, 

Agricultural Research Administration, United States Department of Agriculture 

INTRODUCTION 

The association of certain fungi wth the tunnels of ambrosia beetles 
has been recognized for nearly 100 years {!)? These ambrosia fungi 
apparently are used as food by the beetles, and different fungi are cul- 
tivated by different species or groups of species {2 ) . Recently, Leach 
et al. {8), in a paper on two ambrosia beetles and their associated fungi, 
summarized the past work on ambrosia fungi, pointing out particularly 
the scarcity of exact information on this group. 

In 1937 the Division of Forest Insect Investigations, Bureau of 
Entomology and Plant Quarantine,' United States Department of 
Agriculture, started a general study of the biology of ambrosia beetles 
of the Southern States, and the Division of Forest Pathology co- 
operated in studying the fungi associated with certain ambrosia 
beetles of economic importance in the deterioration of green hardwood 
logs and lumber. The present paper is a report of the mycological 
findings of this study . 

MATERIALS AND METHODS 

Wood infested with ambrosia beetles was furnished largely by H. R. 
Johnston, of the Division of Forest Insect Investigations, Bureau of 
Entomology and Plant Quarantine, at Saucier, Miss. Some material 
was gathered at various sawmills in Louisiana. All the beetle material 
was identified by Johnston. 

All cultural studies were made on malt agar (Iji percent agar and 2K 
percent malt) at room temperature, approximately 75° to 85° F. Iso- 
lations were made by allowing live beetles to walk on the agar surface 
and also by making transplants from the wood adjacent to tunnels. 
Some cultures were purified by making single-spore transfers from the 
original cultures secured from the beetles or from wood. Numerous 
freehand and microtome sections were cut from wood blocks that 
contained insect tunnels, for the study of the fungi as they occur in 
nature. 

The species of ambrosia beetles studied were Plal/ypus compositus 
Saj, Pferocyelon mali (Fitch), P. fasciatum Xyleborus qffinis 

Eich., and X. pecams Hopkins. 

1 Received for publication April 22, 1942. The Southern Forest Experiment Station of the Forest Service, 

IT. S. Department of Agriculture, cooperated in these investigations by providing facilities for field studies 
at Saucier, Miss. • 

2 The author is indebted to Ross W. Davidson, of the Division of Forest Pathology, for advice on the 
taxonomy of the fungi described; and to Edith K. Cash, of the Division of Mycology and Disease Survey, 
Bureau of Plant Industry, for translating descriptions of species into Latin. 

3 Italic numbers in parentheses refer to Literature Cited, p. 144. 
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FUNGI ISOLATED FROM AMBROSIA BEETLES 

WOOD-STAINING FUNGI 

Although a great many fungi, bacteria, yeasts, and nematodes 
were isolated from ambrosia beetles and their tunnels, only the 
food fungi and general-staining fungi were given special attention. 
Stain accompanying ambrosia beetle attack is of two distinct types: 
(1) A restricted darkening adjacent to the tunnels, and (2) general 
staining of the type common in sapwood without beetle attack. 

Restricted blackened areas are common, if not universal, around 
tunnels of Platypus compositus, Pterocyclon mali, and P. fasciatum 


Figuee 1. — Black stain around tunnels of two ambrosia beetles: A, Platypus 
co7np 0 situs; Pterocyclon mail, X 15. 

in sapwood but absent or indistinct in heartwood. Stain is commonly 
absent around the tunnels of Xyleborus affinis, but occasionally a 
light-brown stain is found around the tunnels of this species in sweet- 
gmxi {Liguidambar styracijlua L.) and southern sweetbay {Magnolia 
mrginiana Jj.) . Around the tunnels of Xyleborus pecanis no 'black 
stain was observed, although some browning of the adjacent woocl 
ceils occurred. Black stain is most pronounced with Pk%_2?t^s 
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eomfositus {fig. 1, -4), extending longitudinally from the tunnel as 
much as 5 mm., although laterally it spreads but a few cells from 
the edge of the tunnel. With Pterocyclon (fig. 1, E) the black is just 
as intense but usually extends less than 1 -mm. from the tunnel. 

Isolations from black stain around tunnels yielded a number of 
organisms, but the only ones consistently isolated were the ambrosia 
or food fungi of the beetles concerned; these fungi are described 
later in this paper. Microscopic examinations of the blackened areas 
showed the wood cells to be filled with fungus material of a deep- 
brown color, which in some cases could be identified as an ambrosia 
fungus by the presence of spores. When the surface of sapwood 
blocks of sweetgum and oak was sterilized for 30 seconds in boiling 
water, and the blocks were then inoculated with cultures of the 
ambrosia fungi, stain was produced. This stain, however, was not 
as intense as that found around the tunnels of Platypus compositus 
and Pterocyclon spp. Indications are that the stain around beetle 
tunnels is caused by the ambrosia fungi, although the color may be 
intensified by reactions of these fungi with insect secretions or other 
organisms, such as yeasts and bacteria, which are commonly present. 

General staining of the type common in sapwood without beetle 
attack is not universal with ambrosa beetle attack. However, past 
tests and observations have shown that severe staining of logs is 
not prevented by chemical sprays when ambrosia beetle attack is 
heavy {5). The role of ambrosia beetles in disseminating general 
wood-staining fungi has been discussed more fully in another paper (7) . 

AMBROSIA OR FOOD FUNGI 

Ambrosia Fungus op Platypus compositus 

The only fungus consistently observed in the tunnels of Platypus 
compositus or consistently isolated from the adults or wood adjacent 
to the tunnels of this insect was a species of Endomyces Rees. A 
review of the literature disclosed no described species having the 
spore, asci, and hyphae measurements of this ambrosia fungus or 
any species of Endomyces with only two-spored asci. Therefore, the 
fungus is liere described as a new species: 

Endomyces bispora sp. nov. 

On malt agar, colonies (fig. 2 , C) are very slow growing, reaching 5-8 mm 
in radius in 6 days at room temperature (75° to 85° F,). At first the colony is 
hyaline, then turns a light yellowish brown, although under the microscope the 
hyphae and spores appear hj^aline. The edge of the colony is distinctly mycelial 
with many conidia formed singly or in heads on short recumbent conidiophores 
or laterally on the hyphae (fig. 2, A and B). The cells of the conidiophores often 
disjoint and act as conidia, and buds form from the conidia. Most of the colony 
is composed of a slimy mass of conidia and ascospores, which give it a yeastlike 
appearance. Practically no aerial mycelium is formed. 

Conidia commonly germinate on malt agar by producing buds, forming a yeast- 
like colony from the margin of which hyphae eventually protrude. No germina- 
tion of ascospores was observed. 

Conidia, including disjointed conidiophores and buds, are hyaline, unicellular, 
and of various shapes and sizes: 2.5ju-12.5AiX2.2ju-5.0ju, averaging 6.3/xX 3. Sg, 
usually elongate and somewhat pear-shaped. Asci are hyaline, slightly pear- 
shaped, and are usually formed terminally in small groups of two to six. Asci 
are occasionally formed singly at the tip or nodes of the asci-bearing hyphae 
(fig. 2, A) or in compound heads on short branches. Asci are 7.5ja~11.2gX 
6.2 m-10.0)u, averaging 7. 4 /u wide and 8 . 6 ^ long. Asci-bearing hyphae range from 
1.8/i to 3.3g in diameter, averaging 2.5/4. Ascospores (fig. 2, A) are hyaline, hat- 
shaped, 6 . 2/i-9. 8 / 4 , averaging 7.2/t, across the brim, and L8/i~~3.2/t, averaging 2.4/t, 
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are usually alined^ within the asciis with the brims extending from the base to the 
in width perpendicular to the brim. The brim surface is concave. The spores 


Figuke 2.~~Endoniyces bispora on malt agar: A, Asci, ascospores, and conidia; 
B, margin of a culture showing hyphae and conidia production, X 150: C, cul- 
ture 15 days old grown at about 80° F., X 1. 

tip of the ascus and nearly filling the ascus. Only two spores were observed in 
each ascus. 
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Isolated from adults of Platypus compositus Say and from wood adjacent to 
their tunnels. Observed in pecan (Carya sp.), sweetgum (Liquidambar styraciflua 
L.), swamp tupelo {Nyssa hiflora Walter), and locust (Gleditsia sp.). 

Culturae in agaro maltoso lente crescentes, primum hyalinae, dein pallide 
flavo-brunnescentes, margine distincte myceliali; conidia numerosa, singula vel 
in capitulis in conidiophoris brevibus recumbentibus vel in lateribus hypliarum 
formata; cellulae conidiophororum saepe disjungentes et ut conidia agerentes; 
gemmae e conidiis format'ae; conidia conidiophoris et gemmis inclusis hyalina, 
unicellularia, 2. 5^-12. 5^ longa, 2,2 m“5.0m lata, plerumque elongata et paulo pyri- 
formia; asci hyalini, paulo pyriformes, plerumque terminales et 2-6 caespitosi, 
interdum ad apicem vel nodos hypharum ascophorarum singuli, vel in capitulis 
compositis in ramis brevibus nati, 7.5ft”11.2/x longi, 6.2ju-10.0m lati, bispori; asco- 
sporae hyalinae, pileiformes costulatae, costula inculsa 6.2Ai-9.8iu in diam., ad 
angulum rectum in costulam 1.8jL[-3.2iu in diam., vulgo costulis e basi ad apicem 
extensis dispositae et ascum fere implentes. 

Tlie ambrosia in the insect tunoel consists of conidia and asci, at 
first hyaline, but, as larval activity increases, changing into a slimy 
yellowish coating on the tunnel wall. The adjoining wood-cell lumina 
become filled with hyphae and conidia, which turn to deep brown, 
causing an intense black stain of the wood adjacent to the tunnel. 
The reason for the darkening of hyphae and conidia in the wood was 
not determined, although inoculations showed that the color change 
occurred. 

Ambrosia Fungus of Xyleborus affinis 

An imperfect fungus, which apparently is the ambrosia of Xyleborus 
affinis, was observed in association with this beetle and was consist- 
ently isolated from tunnels and from adults. The fungus is appar- 
ently an undescribed species of Cephalosporium Corda. 

Cephalosporium pallidum sp. nov. 

Gn malt agar, colonies (fig. 3, C) are moderately slow growing, reaching 9 to 
14 mm. in radius in 6 days at room temperature (75° to 85° F.). The margins 
are usually appressed and hyaline while the rest of the colony is covered with a 
thin layer of hyaline, fluffy aerial mycelium which often becomes appressed with 
age except for isolated tufts. Aerial mycelium may be entirely lacking. Occa- 
sionally a slight brownish tinge develops in parts of old cultures. Yellowish, 
yeasty mounds develop in aging cultures. In the yeasty mounds mycelium may 
be limited largely to pointed, short-celled hyphae (fig. 3, A} projecting but shortly 
from the yeasty mass of conidia and monilioid cells. Compact helicoid hyphal 
formations were commonly observed in the filamentous mycelium. 

Conidia germinate on malt agar by forming monilioid chains of cells which 
finally give rise to hyphae (fig. 3, A). Spore heads are formed relatively soon 
after germination. 

In culture typical fruiting consists of cephalosporic heads of conidia protruding 
but slightly above the agar (fig. 3, A) on erect or decumbent conidiophores. 
Conidiophores are usually unbranched and hyaline and terminate in 1 to 10 or 
more hyaline, unicellular conidia which are nearly spherical to slightly pear- 
shaped, 7.6;u-14.4ja long and 7.9ju-14.0iu wide, averaging 10.8AiXlO.4g. When 
appreciable aerial mycelium occurs, conidiophores elongate and branch (fig. 3, A), 
Sometimes conidiophores are composed partly or totally of moniliform cells, 
particularly in the yeasty mounds. Occasionally buds were observed forming 
laterally on hyphae (fig. 3, A), and monilioid chains of spores of irregular sizes 
and shapes were observed in the agar or protruding above it (fig. 3, A) . 

Isolated from adults of Xyleborus affinis Eich. and from the wood adjacent 
to their tunnels. Observed in sweetgum {Liquidamhar styraciflua L.), swamp 
tupelo 5fj^ora Walter), and southern sweetbay {Magnolia nrginiana L.). 

Coloniae in agaro maltoso modice lente crescentes; mycelium plerumque 
appressum et hyalin um, in culturis vetustis brunneotinctum; conidiophora 
plerumque non ramosa, hyalina, in conidiis 1-10 vel pluribus, hyalinis, uni- 
cellularibus, fere sphericis vel leniter pyriformibus, 7.6M”14*4g iongis, 7.9/i-14.0Ai 
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latis terminate, partim vel omnino e cellulis moniliformibus composita; gemmae 
interdimi in lateribiis hypliarum formatae; cateniilae monilioideae sporarum 
magnitiidine formaciue variabilium praesentes; conidia in natura singula vel 2-4 
in capitulis, rare in catenulis brevibus nata. 

The ambrosia (fig. 3, B) in the tunnels of Xylehorus consists 

of conidia, mostly solitary, sometimes in heads of 2 to 4 spores and 
occasionally in short monilioid chains. In new tunnels sinde 


riGURE S.'—Cephalosponum pallidum. A, Drawings from malt a 
a, Branched conidiophore, X 320; 6, single conidium, X 1,040; 
hypha, X 320; d, monilioid cells, X 560; e, cephalosporic he£ 
paraphyseslike hyphae, X 160; young colonies showing earl 
^ Young ambrosia in insect tunnel, X 88 

15 days old grown at about 80° F., X 0.8. 

conidium-bearing conidiophores ( 12 /i- 38 M long) are easib 
later only a jumbled mass of cells is visible. The fun 
remains hyaline in the tunnel and adjacent wood cells, ai 
produce stain around the tunnel except slightly in swe 
southern sweetb ay. 

The ambrosia fungus of Xylehorus affirm is apparently 
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that of X. dispar. The fungus associated with X was originally 

described by Hartig as Monilia Candida (1). Neger (4) expressed 
the opinion that it may be an endomycete, although no asci or 
ascospores have been observed. Schneider-Orelli (60, in describing 
and illustrating the ambrosia fungus of X. dispar y shows it to be 
similar to that associated with X. affinis except that no mentiW is 
made of yellowish yeasty mounds or cephalosporic heads such as 
occur with the ambrosia fungus of X. affinis^ although the author 
does illustrate a conidioph ore bearing a single conidium similar to 
those in yeasty mounds of Cephalosporium pallidum. Furthermore, 
black stain occurs around the tunnels of X. dispar but is absent or 
not so pronounced around those of X 

Ambeosia Fungus OF Xyleboeus pECANis 

The ambrosia fungus associated with the tunnels oi Xylehorus 
pecanis is apparently an undescribed species of Cephalosporium Corda. 


-Cephalosporium luteum: A, Young ambrosia in insect tunnel, X 99 
B, culture on malt agar, 15 days old, grown at about 80° F., X 0.8. 


Cephalosporium luteum sp. nov. 

On malt agar, colonies (fig. 4, B) are fast growing, reaching 60-70 mm. in radius 
in 6 days at 75° to 85° F. They are at first hyaline but soon become sulfur yellow 
to light brown. The agar is stained a deep brown. Aerial mycelium is at first 
fluffy but becomes appressed with age. No tendency for budding or yeasty 
growth was observed as with other ambrosia fungi encountered in this study. 
The margin of the colony is decidedly filamentous. 

Fruiting on malt agar is sparse, and spores are often difficult to find. When a 
block of mycelium-bearing agar is removed from a culture and placed in a moist 
chamber, a few spores usually can be found along the cut edge on protruding 
conidiophores within 24 hours. Spores are formed on simple or branched conid- 
iophores, mostly singly, sometimes in heads of two or three spores, are hyaline, 
nearly spherical, unicellular, and average 6.5ju in diameter. In nature spores are 
larger, 5.3 m“12.5m wide and fi.lju-'lfi.OAt long, averaging S.SjuX 10.1^. 

Observed in association with Xylehorus jjecams Hopkins in swamp tupelo 
(Nyssa biflora Walter) and southern sweetbay (Magnolia virginiana L.) . 

Coloniae in agaro maltoso rapide crescentes, primum hyalinae, dein e sulphuris 
brunneolae; mycelium aereum primum floccosum, vetustum appressum; fructi- 
ficatio in culturis sparsa; conidiophora plerumque non ramosa et birevia; sporae 
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singiike vel 2-3 in capitiilis, hyalinae, fere sphericae, unicellulares, in culturis 
6.5iu in diam., in natiira 5.3M“12.5iu latae, 6.lAt-15.0/i longae, plerumque singillatini 
interdum 2-3 in capitiilis natae. 

The ambrosia in the beetle gallery is at first hyaline but later forms 
a yellowish to brownish lining to the brood chamber. It consists of 
mycelium and conidia (%. 4, A), mostly borne singly on short, simple 
or branched conidiophores, or in heads of two to three spores. The 
conidia remain hyaline. The wood around the chamber is stained 
a light brown. 

Young ambrosia is similar to that in the tunnels of Xyleborus affinis. 
Later, however, the ambrosia of X. pecanis turns a sulfur yellow and 
does not become yeasty, as does that of X. affinis. The conidia of 
the ambrosia fungus of X. pecanis are, in general, similar to some of 
the conidia of the ambrosia fungi of X affinis and of X, dispar, but 
no monilioid chains, such as occur* in the last two, were observed. The 
ambrosia , fungus of X. is' apparently the same as that of X. 

xylographus Say or is closely related to it, as illustrated and described 
by Hubbard (i). 



PiGUBE 5 . — Monilia hrunnea: A, Ambrosia in insect tunnel, X 84; B, culture 
15 days old grown on malt agar at about 80° F., X 0.7. 

Ambeosia Fungus OP Pterocyclon MALI AND P. PASciATXJM 

The ambrosia fungus of Pterocyclon mail is apparently the sanmTs 
the fungus associated with P, fasciatum and appears to be a new 
species of Pers. 

Monilia brunnea sp. nov. 

On malt agar, colonies are slow growing, reaching 8 -10 mm. in radius in 6 days 
at 75° to 80° F. They are appressed, and at first are nearly hyaline but with 
age become dark brown (fig. 5, B), Original isolates were quite yeasty in general 
appearance and consisted largely of monilioid chains of rounded cells that budded 
in situ, similar to the growth described and illustrated by Leach et al. (3) for 
the ambrosia fungus of Trypodendron hetulae Sw. and T. retusum (Lee.). After 
repeated subculturing, more 'filamentous mycelium was formed, although the 
monilioid type of growth persisted in parts of the culture. When filamentous 
mycelium was formed the surface of the culture became finely tomentose, the 
amount of aerial mycelium being limited. In old cultures there was a tendency 
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for small mounds to form, consisting mostly of monilioid cells. In one isolate 
short, pointed hyphae were formed, similar in shape to those described for the 
ambrosia of Xyleborus affinis but dark brown in color. 

Monilioid cells are mostly hyaline, although in old cultures and old tunnels 
they may be distinctly brown, and are borne in simple or branched chains. Cells 
contain large granular particles. The terminal one to three cells are usually nearly 
spherical while the other cells are oblong or rectangular to spherical. 'Mature 
cells are 7 .bix-ll.Sii long by 5.2^~10.0At wide, averaging 8.5/z in each direction. 
In some isolates there was a tendency in culture for conidia to collect in heads as 
well as in chains. 

Spores germinate on malt agar by forming monilioid groups of cells that even- 
tually give rise to hyphae. 

Observed in association with Pterocyclon mali (Fitch) in sweetgum {Liquid- 
amhar styraciflua L.), swamp tupelo {Nyssa hiflora Walter), maple (^cer sp.), 
and oak {Quercus sp.), and with P. fasciatum (Say) in oak {Quercus sp.), 

Culturae in agaro maltoso lente crescentes vetustae fuscescentes; mycelium 
plerumque appressum; sporae interdum gemmantes; hyphae in articulos oidi- 
formes secendentes; sporae. plerumque hyalinae, interdum in culturis vetustis et 
in viis insectorum brunneae, in catenulis simplicibus vel ramosis natae; sporae 
terminales 1-3 fere sphericae, alterae ex oblongis vel rectangularibus sphericae, 
T.hju-ll-Siu longae, 5.2/x~10.0ju latae. 

The ambrosia in the tunnels of the beetle consists of masses of monil- 
ioid cells (fig. 5, A) with little filamentous mycelium. Freshly 
formed ambrosia is hyaline, but in older tunnels it may turn dark 
brown. Ambrosia forms in both the main tunnel and the larval 
cradles. Wood cells adjacent to the tunnels become filled with hyphae 
and monilioid cells that soon turn brown, causing an intense black 
stain around the tunnel. Stain occurred in the wood of each species 
in which the beetles were found. 

The ambrosia fungus oi Pterocyclon apparently is closely related to 
that of Trypodendron. With both of these genera larvae are reared in 
separate cradles in contrast to the other genera encountered in this 
study, in which the larvae are free in the egg-laying tunnel. The 
ambrosia fungus associated with. Pterocyclon mali and P. fasciatum, 
apparently is a species of Monilia Pers. However, it is not identical 
with Monilia Candida Hartig, associated with Xyleborus dispar (d), 
or the fungus described by Leach et al. (S) as the ambrosia of Trypo- 
dendron hetulae and T. retusum and considered by those authors as a 
possible strain of M. Candida, 

SUMMARY 

Four fungi commonly associated with southern species of am.brosia 
beetles are described as new species: Endomyces bispora, associated 
with Platypus compositus; Cephalosporium pallidum^ with Xyleborus 
affinis; C. luteum, with X. pecanis; and Monilia brunnea, with Ptero- 
cyclon mali said P. fasciatum,. 

These fungi apparently are used as food by the ambrosia beetles 
with which they are associated and probably cause the restricted black 
or brown stain adjacent to the beetle tunnels. 
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THE EFFECT OF SORGHUM KERNEL SMUTS ON THE 
DEVELOPMENT OF THE HOST' 

By L. E. Melchers, plant pathologist, and E. D. Hansing, assistant plant 'pathol- 
ogist, Department of Botany, Kansas Agricultural Experiment Station 

INTRODUCTION 

Covered kernel smut, caused by Sphacelotheca sorghi (Lk.) Clint., is 
the most common and destructive disease of the sorghum crop in the 
United States. Although the loose kernel smut, caused by Sphacel- 
otheca cruenta (Kiilm) Potter, occurs occasionally in the United States, 
it is of less economic importance. Preventive measures for these 
smuts are well known, and no other cereal smuts may be more easily 
and economically controlled by means of specifics than these two. 
It is common Imowledge that cereal plants affected with systemic 
smuts do not develop normally, but little is known of the cause of the 
abnormalities. 

The purpose of the present study was to learn what morphologic 
changes occur in the organs of sorghum plants when attacked by these 
kernel smuts. The investigations at Manhattan, Kans., begun in 
1929, were continued over a period of 7 crop years, during which great 
variations of temperature and precipitation occurred. Not all phases 
of the work, however, were carried on during the entire period. The 
present report covers the following phases of the work: (1) A study 
to determine the effect of Sphacelotheca sorghi and S. cruenta on the 
height of plant, diameter of stalk, and width of leaf of sorghum 
varieties j (2) a study of several varieties of sorghum infected with the 
two species of kernel smut to determine the parts of the host that are 
morphologically changed and to locate the regions responsible for a 
reduction in height; (3) a study of the number of nodes and tillers 
which occur in smutted and unsmutted plants of White Durra C. I. 81, 
Manchu Brown kaoliang C. I. 171, Evergeen Dwarf broomcorn C. I. 
822, and Acme broomcorn C. I. 243; (4) a study of node diflferentiation 
in smut-infected plants; (5) observations on the vegetative proliferation 
of sorghum panicles following infection by S. cruenta; and (6) a study 
to obtain further information on the relation between size and shape 
of smut sori produced by the different physiologic races of S. cruenta 
on diJfferent varieties of sorghum. 

REVIEW OF LITERATURE 

In wheat aff’ected with bunt, slight differences in height between 
diseased and normal plants, as well as other abnormalities, have been 
observed by various investigators (I, 5, 8, 9, 16, 20, 23),^ but the cause 
of the difference in height between smutted and unsmutted plants has 
not been definitely determined. In recent years a physiologic race 
of Tilletia tritici has been described which produces a marked dwarfing 

1 Received for publication March 16, 1942. Contribution No. 406, Department of Botany, Kansas Agri* 
cultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 164. 


Journal of Agricultural Research, Vol. 66, No. 4 

Washington, D, C. Feb. 15, 1946 

Key No. Tvans.~S6 

( 145 ) 


4:!' -I 


146 


Journal of Agricultural Besearch 


Vol. 66, No, 4 


of the wlieat plant, but here again no report has been made on the 
cause of the reduction in height (10, 24)-^ Viennot-Bourgin {22) found 
that in wheat bunt, a reduction in height of culms was due not so 
much to a shortening of the internodes as to a decrease in their 
number. Barrus {2) observed that wheat plants affected with bunt 
were shorter than healthy plants because of the general decrease in 
the length of the internodes, all internodes sharing equally in the 
decrease. He further observed that — 

In the case of wheat plants affected by loose smut where mature culms are shorter 
than healthy ones, the difference is due to the failure of the upper internode of 
affected plants to develop as much as healthy ones do. 

It is known that the culms of smutted oat plants are frequently shorter 
than those of unsmutted plants of the same variety. 

The literature bearing on the morphologic changes in the host 
that cause the reduction in height of smutted plants is not extensive, 
and the reports presented to date have been based upon observations 
rather than upon detailed studies. This is especially true of the kernel 
smuts of sorghum, Sphacelotheca sorghi and S, cruenta (5, 4)- 

Reed and Melchers (19) found that plants infected with Sphacelotheca 
sorghi headed as soon as normal plants and were essentially as tall as 
normal plants. On the other hand, plants attacked by S. cruenta 
were shorter than normal ones, headed earlier, and frequently pro- 
duced more tillers. Infected plants also showed an enlargement of 
glumes and developed slenderer heads. 

No detailed review of literature on the taxonomy or life histories of 
the two sorghum kernel smuts seems necessary; they are very similar 
(19). Primary infection occurs during the early growth of the sor- 
ghum seedlings, generally from germinating chlamydospores which 
adhere to the seed. After infection the mycelium invades the meris- 
tematic tissue of the seedling, keeping pace with the growing point. 
At flowering time and as soon as the sorghum heads emerge from the 
sheath, affected ovaries m the florets are easily recognized by the 
white smut galls (sori) and the absence of normal stamens. 

METHODS AND MATERIALS 

The seed of the sorghum varieties was obtained from self-pollinated 
heads and was considered pure for the variety. The smut was pre- 
pared and applied to the seed which was then planted and cultural 
crop practices were followed as described by Melchers (12, IS). 
Smutted and unsmutted plants grew from seed of the several varieties 
used in these investigations, and notes and measurements were taken 
when the plants had made their maximum growth. Fifteen smutted 
plants of each variety, or as many more as were available, were 
measured each jear. No difficulty was encountered in measuring 15 
or more unsmiitted plants in the same row in which the smutted 
individuals grew. These served as check or control plants. 

The height measurement was taken from the tip of the panicle to 
the base of the plant at the soil line. The diameter of the stalk was 
obtained just below the second leaf from the top of the plant by 
means of calipers. The diameter of the stalk in these studies includes 
the thickness of the stalk and leaf sheath. Leaf width was measured 
at its widest point and the second leaf from the top was always chosen 
for the measurement. 
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The varieties used belong to the main groups of sorghum; that is, 
forage, grain sorghums, and broomcorn. The experimental material 
consisted of such varieties and hybrids as Red Amber, Red Amber 
hybrids, and Kansas Orange among the sorgos; feterita, feterita 
hybrids, White Yolo, milos, Blackhull kafir, White Durra, and kafir X 
milo hybrid K. B. 2561 among the grain sorghums; Darso, Weskan, 
Schrock, Manchu Brown kaoliang, and Grohoma among the mis- 
cellaneous sorghums; and Acme and Evergreen Dwarf broomcorn. 

The inoculum of S. sorghi consisted of a composite, in equal amount^, 
of three physiologic races (p. r. ^ 1, 2, and 3) of the organism known 
to attack the kafir, milo, and feterita groups, while the S, cruenta 
inoculum consisted of p. r. 1 and 2 used separately. These physio- 
logic races have already been described {12, 15). 

EXPERIMENTAL RESULTS 

EFFECT OF SMUT INFECTION ON HEIGHT OF PLANT, DIAMETER OF STALK, AND 

WIDTH OF LEAP 

Although Sphacelotheca sorghi and S. cruenta are closely related, 
they react differently on the same variety of sorghum and vary in 
general appearance {14, 19). Preliminary studies to determine the 
morphologic changes that occur in sorghum plants attacked by S. 
cruenta were begun in 1929. Two varieties of sorghum were of 
special interest that year because smutted plants were decidedly 
shorter than unsmutted plants. Measurements showed that the 
smutted plants of Manchu Brown kaoliang C. I. 171 had a mean 
decrease in plant height, stalk diameter, and leaf width of 54.2, 42.9, 
and 65.9 percent, respectively. Smutted plants of Acme broomcorn 
C. 1. 243 bad a mean decrease in plant height, stalk diameter, and 
leaf width of 45.0, 42.9, and 47.4 percent, respectively. These 
studies were then enlarged to include a representative group of 25 
varieties of sorghum and both S. cruenta and S. sorghi were used. 
Four years’ data obtained in 1931, 1932, 1935, and 1936 were aver- 
aged for each variety as shown in table 1. 

There was some variability in height reduction among varieties 
of plants infected with /S. sorghi, although the average reduction for 
the varieties taken as a group was only 1.9 percent. That S. sorghi 
does not greatly reduce the height of sorghum plants confirms the re- 
sults obtained in other studies {17, 19). In this connection Tyler 
{21) has shown that Fi chlamydospore lines of S. sorghi may vary in 
respect to their ability to stunt sorghum during the parasitic phase. 
Acme broomcorn, kafir X feterita, Kansas Orange, Manchu Brown 
kaoliang, and Red Leaf feterita each showed a reduction in height of 
more than 10 percent, while the smutted plants of Weskan, Premo, 
Early White milo, kafir X milo 26-3-1-1, and Blackhull were taller 
than the unsmutted plants (table 1). 

Both physiologic races of S. cruenta materially and consistently 
reduced the height of infected plants (table 1). Among the varieties 
tested this reduction ranged from a few to 38 -percmi ior S. cruenta 
p. r. 1 and to 55 percent for S. cruenta p. r. 2, with the average for all 
the varieties for both physiologic races close to 18 percent (table 1); 

3 Physiologic race hereafter will be designated by the abbreviation p. r. 
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Table 1. — The effect of sorghum kernel smut infection on the height^ diameter of 
stalk, and width of leaf of sorghum plants, Manhattan, Kans., 1931, 1932, 1935, 
and 1936 1 ‘ ' 
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Pet, 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Acme broom corn 

C.I. 243 

-14.7 

-21.6 

-12.5 

-38. 3 

- 58. 5 

-64. 4 

-37. 3 

-33. 8 

-33. 9 

Blackhull 

K. B. 3047 

+5.4 

-17.5 

-15.3 

-8.6 

-36. 6 

-17.6 

-9.9 

-27.3 

-15.6 

Darso 

C. I. 615 

—7. 7 

-21.9 

-14.6 

-S.2 

-25. 2 

-15.9 

-13.9 

-19.7 

-12.3 

Dwarf Shantung kaoliang 

C. I. 293 



— 

-23.8 

-25. 0 

-36. 2 

-18.7 

-17.6 

-21.0 

Early White milo 

C. I. 480 

+7.2 

-io. 0 

-13.3 

-18.2 

-43. 0 

-34. 6 

C) 

(■') 

0) 

Feterita - . 

Feterita hybrid (feterita X 

S. P. I. 51989.. 

+1.8 

-20.4 

-20.9 

-13.0 

-41.8 

-38. 9 

-15.4 

-38. 5 

-12.5 

kafir) 

F. C. 8917..... 

-5.3 

-16.3 

-21.1 

-17.8 

-36. 7 

-34. 9 

-27. 1 

-38. 5 

-33.3 

Grohoma.... 

C.I. 920. ... .. 

+2.4 

-22.8 

-12,2 

-13.9 

-30. 2 

-25. 0 

—2 2 

-28.6 

-25. 8 

Kafir X feterita 

K. B. 2686 

-13.9 

-15.5 

-14.8 

-14.0 

-38.3 

-30.2 

-11.9 

-29.0 

-30. 0 

Kafir X niilo 26-3-1-1 

K. B, 256.1 

+8. 6 

-22.8 

-22.6 

+.3 

-18.5 

-15. 1 

(B 

0) 

('») 

Kansas Orange 

F. C. 9108 

-12.4 

-32. 3 ; -16. 6 

-33.7 

-45. 7 

-42. 5 

-24. 2 

-34.7 

-32. 4 

Manchu Brown kaoliang 

C.I, 171 

-10.5 

-22.8 

-20.4 

-28.0 

-46. 1 

-42.2 

-28.4 

-34. 9 

-45.7 

Pierce kaferita 

K. B. 2547... -. 

-7.9 

-18.6 

-11.4 

-13.3 

-31.0 

-31. 7 

-55.3 

-28. 6 

-39. 1 

Premo 

F. C.S929 

+12. 6 

-19.9 

-16.5 

-13.3 

-36. 9 

-26. 5 

-15.6 

-17.31 

-20.4 

Red Amber 

F. C. 1534 

+.5 

-15.4 

-8.4 

-26. S 

-30. 3 

-40.8 

-19.6 

-20.6 

-14.1 

Red Amber X feterita- 

K. B. 2570 . . . 

+.9 

-19.7 

-24.9 

(B 

0) 

(t) 

-6. 7 

-19.5 

-21.3 

Do_.- 

K. B. 2562 

-4.0 

-21.4 

-19.7 

C) 

0) 

(^) 

-14.2 

-22.6 

-14.8 

Do - 

K. B. 2.^>01.--.- 

+ .6 

-20. 2 

-17.0 

(■') 

0) 

C) 

-10.4 

-24. 9 

-22.4 

Red Leaf feterita 

K. B. 2543 - 

— 12 2 

-11.8-12.5 

-18.9 

-41.2 

-ms 

-6.7 

-25. 2 

-15.8 

Schroek selection 

C. 1. 616 

+3.2 

-14.3 

-9,9 

-24. 3 

-38. 8 

! -32. 8 

-15.2 

-33. 3 

-13.5 

Shallu. 

C. 1.85 

-5. 61-20. C 

-23. 1 

-25. 8 

-43.4 

' - 30. 2 

-20. 0 

-26.8 

-20. 2 

Weskan 

K. B. 2522 - 

-l-S.Sl +2.3 

-12.8 

-8.3 

-27.3 

-33. 1 

-1.8 

-26. 8 

-24. 3 

White Durra 

C.I. 81.. 

+1. 4 

-17.1 

-12.4 

-c3 0 

-51.4 

-47. 6 

-22.8 

-26. 7 

-25.0 

White-seeded darso (selec- 

K. B. 3002 

-7.3 

-18.5 

-16.9 

-10.2 

-49.4 

-22.8 

-17.4 

-24.4 

-22. 1 ' 

tion). 

White Yolo-. 

C. I. 699 

+2.7 

-14.8 

L,0.8 

(*) 

0) 

(4) 

-18.2 

-21.0 

-23.8 

Average of all varieties 


-1.9 

-18.1 

-16.3 

-18.6 

-Z7.S 

! -33. 3 

-18.2 

-27.0 

-23. 4 

measuri'd. 




i 


1 

i 





1 The figures given represent the averages of varieties grown 4 years (1981, 1932, 1935, and 1936), except 
Premo, which was grown 3 years. 

2 C. I. refers to accession number of the Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
IT. S. Department of Agriculture. 

K. B. refers to Kansas Botany, Kansas State College, Manhattan. 

S. P. I. refers to accession number of the Division of Plant Exploration and Introduction, Bureau of 
Plant Industry, IT. S. Department of Agriculture. 

P, C. refers to accession number of the Division of Forage Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agriculture. 

H. C. refers to cereal number of Fort Hays, Kans., Branch Experiment Sintion. 

3 p. rs= Physiologic race. 

4 This sorghum seems to be immune, since no smut appeared in it for the years and the physiologic race 
of smut concerned. 

Sphacelotheca sorghi brought about an average reduction in stalk di- 
ameter of 18 percent, while S. cruenta p. r. 1 and 2 caused reductions of 38 
and 27 percent, respectively. Certain varieties showed an appreciable 
reduction in the diameter of stalk, while others were affected much less. 

Sphacelotheca sorghi and S, cruenta exhibited a similar tendency with 
respect to reduction of leaf width, the former reducing it on an aver- 
age 16 percent and S, cruenta p. r. 1 and 2 approximately 33 and 23 
percent, respectively. In some instances the reduction exceeded the 
average leaf width of all the varieties. 

From the data in table 1, one must conclude that the height of sor- 
ghums was not appreciably changed by S. sorghi infection, but that 
infection by S. cruenta did vednee it markedly (fig. 1, A) . There was 
no great difference between the average percentage reduction in 
height of sorghum plants aSectedwith S. cruenta p. r. 1 and 2 ; how- 
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ever, the average percentage reduction in diameter of stalk and width 
of leaves of plants affected with S', cruenta p. r. 1 was significantly 
greater than that for S. cruenta p. r. 2. 

Reductions in height of plant, diameter of stalk, and width of leaf 
bring about a loss in total weight of plant, particularly in the case of 


attack by S. cruenta. It 


has been known for some time that the 
nutritive value of smutted sorghum plants 
is greatly reduced through the destruction 
of the grain but that the presence of sor- 
ghum smut itself is neither poisonous nor 
otherwise harmful to livestock when fed 
(7). The present studies show that con- 
siderably less tonnage of fodder is to be 
expected from plants attacked by S. cruenta 
and S. sorghif particularly the former. 

After these more general studies were 
completed, it seemed desirable to study in 
detail two varieties of sorghum to deter- 
mine whether the difference in height 
between smutted and unsmutted plants 
was due to a reduction in the number of 
nodes per plant, to a difference in the 
length of the internodes, or to a combina- 
tion of these factors. White Durra C. I. 
81 and Manchu Brown kaoliang C. I. 171 
were selected for this study. 

Reed and Faris (18) observed that 
Valley kaoliang affected with S. cruenta 
had shorter stems with fewer nodes than 
normal plants or than those infected by 
S. sorghi. Measurements of internode 
lengths and counts on the number of nodes 
of smutted and unsmutted plants were 
made in 1936 at Manhattan, Kans., on 
White Durra C. I. 81 and Manchu Brown 
kaoliang C. I. 171. A study was also made 
of the effect of the two species of smut on 
of a normal sorghum plant the length of the peduncle ^ and panicle of 



4 


B 


Figure 2. — Sche^matic sketch 


and of one infected with the 
loose kernel smut, Sphacelo- 

theca cruenta. All but the i 

topmost leaves have been order to locate specifically the regions 


the sorghum plant and on the length of the 
four internodes below the peduncle in 


removed, exposing the nodes. 
Ay Normal plant with inter- 
nodes numbered; B, plant at- 


responsible for difference in height. Since 
most of the plants attacked by S. cruenta 


tacked by & cruenia'showing not produce over four or five nodes 
reduced number of inter- above the soil line, it was thought best not 
nodes ; a,panicle and peduncle, to consider comparative measurements 

below the fourth node. 

Figure 2 is a schematic sketch of a normal sorghum plant and of 
one attacked by the loose kernel smut. The various parts of the 
plant used in the measurement studies are illustrated. The compar- 
ative average lengths of the panicle and peduncle combined (fig. 2, 
A and B, a), as well as the length of the first to fourth internodes 
inclusive, o f normal and smutted plants are presented in table 2. 

The peduncle is the part of the stem joining the panicle with the first node below the panicle. 
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Table 2. — -Results showing effect oj sorghum kernel smut injection on length oj 
peduncle and panicle combined, and on each oj the A internodes below the peduncle 
oj the sorghum plant, Manhattan, Kans., 1930 

WHITE DXJBEA C. I. 81 


Sorghum kernel smut 

Length of 
peduncle 
and 
panicle 

Length of internode below peduncle 

Combined 
length 1 

First 

Second 

Third 

Fourth 

'S 
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■g 
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'S ' 
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u 

■ 1 

© 

s 

a ■ 

m 

S. sorqhi p. r. 1-3 

Cm. 

50.8 

56.7 

54.5 

Cm. 

48.4 

59.3 

53.4 

Cm. 

13.1 
15.5 

14.2 

Cm. 

12.3 

21.8 

15.2 

Cm. 

12.2 

12.1 

12.8 

Cm. 

10.7 

11.1 

12.1 

C7n. 

11.5 

11.4 

12.8 

Cm. 

10.8 i 

- ,7.8 i 
10.4 

Cm. 

12.2 

12.7 

11.0 

Cm. 
11. 6 
5.4 
9.9 

Cm. 
99. 8 
108.4 
105. 3 

Cm. 
93.8 
105.4 
101. 0 

S. cruenta p. r. 1 

cruenta p. r. 2 - 


MANCHXJ BROWN KAOLIANG C. I. 171 


8. sorghi p. r. 1-3 

53.0 

55.1 

13.7 

17.2 

15.9 

15. 6 

16.7 

15.7 

15.9 

14.0 

115.2 

117.5 

S', cruenta p. r. 1 .... 

48.5 

47.8 

12.1 

15.8 

13.3 

11.7 

13.8 

8.7 

15.9 

6.9 

103. 6 

90.9 

S. cruenta p. r. 2. j 

52.9 

43.8 

15.9 

13.6 

16. 0 

11.9 

15.8 

9.7 

14.6 

7.8 

115.2 

86.8 


1 Panicle, peduncle, and first 4 internodes below. 


There was no marked difference in the combined length of peduncle 
and panicle of the normal and smutted plants in the two varieties 
White Durra and Manchu Brown kaoliang for either species of smut, 
with perhaps the exception of S. cruenta p. r. 2 on Manchu Brown 
kaoliang. The greatest difference occurred in internode length of 
plants attacked hj S. cruenta p. r. 2, although those infected with 
p. r. 1 showed the same trend (table 2). If only S. cruenta is consid- 
ered, there is an appreciable difference between smutted and normal 
plants in internode length below the peduncle, but the variation in 
length in comparable internodes is not always consistent. It is, 
however, consistent for the third and fourth internodes of both varie- 
ties, and a marked reduction in the length of these internodes in the 
smutted plants is noted (table 2) . Other varieties of sorghum, such 
as Acme broomcorn, were just as severely stunted hj Sy cruenta as 
the two varieties considered here. 

As stated previously, smutted plants developed fewer nodes. In a 
comparison of infected and normal plants, corresponding internodes 
were not comparable as to position. For example, internode 4 of a 
plant smutted with /S^. cruenta was essentially at the ground line while 
internode 4 was about the middle of a normal plant (fig. 2) . 

Significant differences may be noted for S. cruenta p. r. 1 and 2 if 
the combined lengths from the tip of the panicle, to and including the 
fourth internode, of smutted and normal plants of Manchu Brown 
kaoliang are considered (table 2). Some differences are also noted in 
White Durra but these are less striking. These figures do not repre- 
sent the total height of plants but rather that part from the tip of the 
panicle down to and including the fourth internode. The reduced 
height in plants infected with S. cruenta uppurentlj was due in part to 
the shorter internodes, but the entire reduction in height cannot thus 
be explained. Smutted plants in the field were frequently about 
one-half the height of normal plants of the same variety (fig. 1, A)\ 
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The effect of smut on the total number of nodes visible above the 
ground was analyzed and the results are given in table 3. The data 
are expressed in terms of the smutfree ^ plants. Plants of the same 
varieties attacked by S, sorghi had approximately the same number of 
nodes as unsmutted plants. The same varieties, however, when 
infected with the two physiologic races of S. cruenta had fewer nodes 
(table 3). The average decrease was 3.5 and 1.5 nodes in plants at- 
tacked by S. cruenta p. r. 1 and 2, respectively. The reduced height 
of smutted plants apparently was due more to the reduced number of 
nodes than to the length of the internodes, according to the 1936 
data (table 3). 


Table 3. — Results showing effect oj sorghum kernel smut infection on the number of 
nodes in the sorghum 'plant, Manhattan, Kans., 1936 



Average number of nodes 
per plant i 

Average 

Treatment 

White Durra 
C.I.81 

Manchu 

Brown 

kaoliang C. I. 
171 

decrease in 
number of 
nodes 

S. mghi p. r. 1-3: 

Smutfree 

7.5 

8.6 


Smutted... 

8.5 

7.7 

0 

8. cruenta p. r. 1 : 

Smutfree 

7.7 

7.5 


Smutted.. 

3.7 

6.9 

4.6 

3.6 

8. cruenta p. r. 2; 

Smutfree. 

8.0 

Smutted 

6.2 

5.8 

1.4 



1 Visible nodes above ground. 


In 1937 the studies were enlarged to include four varieties of sorg- 
hum. Data on the height of plant, diameter of stem, leaf width, 
and the number of nodes in smutted, smutfree, and check ^ plants of 
the varieties Evergreen Dwarf broomcorn C. I. 822, Acme broomcorn 
C. I. 243, White Durra C. I. 81, and Manchu Brown kaoliang C. I. 
171 are given in table 4. The comparisons were based on smutfree 
plants, although either smutfree or check plants could have been used 
with no appreciable difference in the final results. 

An analysis of the data in table 4 shows that in smutted plants the 
total length of panicle and peduncle and the four internodes below 
was generally less than that of the smutfree plants. The difference 
usually was less in plants attacked by S, sorghi than in those attacked 
by S. cruenta. The reductions in length of internode could not in 
themselves, however, be responsible for the great reduction in total 
height of smutted plants. Similar conclusions were reached from the 
studies in 1931, 1932, 1935, and 1936. The measurements included 
only the length of the plants from the tips of the panicles down through 
the fourth in ternodes. 


'‘Smutfree” means that plants grew from treated seed and were free from mteriial smut infection. 

6 Check plants grew from untreated seed and produced normal panicles. Since some of them may have 
carried infection in the stalk even though the heads were not smutted, a smutfree control was used in 1937 
as a safeguard in making comparative meavsurements. 
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Table 4. — Results showing effect of sorghum kernel smut infection on length of 
panicle and peduncle comhinedj length of 4 internodes below the peduncle, total 
height of plant, diameter of stem, width of leaf, and number of nodes per plant, 
Manhattan, Kans., 1937 
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(S. sorghi p. r. 1-3: 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Pet. 

Cm. 

Cm. 

No. 

No. 


Smutted 

62.3 

7.6 

6.6 

8.0 

9.1 

93. 6 

139.4 

4.5 

1. 1 

6.4 

8.6 

0.8 


Smutfree 

69.8 

7.3 

6.8 

7,6 

8. 8 100. 3 

145.9 


1.4 

7.8 

9.4 




66.6 

6.0 

6.7 

7.7 

8.3 

95.3 

143.8 


1.4 

7.5 

9.4 


Evergreen Dwarf 

(S. cruenta p. r. 1: 



broomcorn C. I. 

Smutted 

47.3 

8.0 

10.0 

9.8 

9.5 

84.6 

84.2 

44.0 

.6 

3.5 

4.7 

4.9 

822. 

Smutfree 

Check 

69.5 

73.8 

8.0 

7.0 

6.3 

8.3 

7.7 

8.9 

8.3 

9.8 

99.8 

107.8 

150.3 

153.0 


1.5 

1.6 

7.4 

7.9 

9.6 

9.2 



S. cruenta p. r. 2: 




Smutted 

57.2 

9.5 

9.C 

9.0 

9.2 

93.9 

104.1 

32.7 

1.0 

3.8 

5.8 

3.7 


Smutfree 

73.8 

7.0 

7.2 

8.4 

8.9 

105.3 

154.6 


1.6 

7.8 

9.5 



. Cheek 

70.9 

8.0 

8.6 

9.5 

9. 2 106. 2 

149.8 


1.6 

7.8 

10.2 



iS. sorghi p. r. 














1-3: 














Smutted 

71.4 

9.0 

10.1 

9.5 

9.4 

109. 4 

151.9 

6.6 

1.2 

6.1 

9.1 

.9 


Smutfree 

82.6 

9.0 

9.6 

9.2 

9.2 

119.6 

162. 7 


1.8 

7.4 

10.0 


Acme broomcorn 
C. I. 243. 

S. cruenta p. r. 1: 
Smutted 

70.0 

11.0 

8.0 

8.0 

9.0 

106.0 

136.0 

14.7 

1.3 

5.5 

8.0 

1. 7 

Smutfree 

77.5 

7.0 

9.2 

9.1 

9.1 

111.9 

159.4 


1.7 

7.3 

9.7 



S, cruenta p. r. 2: 












3.6 


Smutted 

58.5 

10.0 

7.0 

7.0 

9.5 

92.0 

106.5 

30.6 

LI 

4.7^ 

6.2 


Smutfree 

73.3 

9.0 

8.6 

9.6 

9.4 

109.9 

153.4 


1.7 

7.3 

9.7 



Check 

72.0 

8.0 

7.9 

. 8.8 

8. 9 105. 6 

155.0 


1.6 

7.6 

10.0 



(8, sorghi p. r. 
1-3: 

Smutted. 














60.4 

15.2 

16.1 

16.2 

14.8 

122.7 

141,1 

11.5 

1.1 

6.8 

6.2 

.1 


Smutfree 

66.2 

21.2 

16.9 

17.1 

16.1 

137. 5 

159. 4 


1.3 

7.8 

6.3 



Check 

68.4 

22.0 

19.3 

16.7 

16.0 

142.4 

167. 2 


1.3 

8.2 

6.7 


White Durra C. I. 
81, 

8. cruenta p. r. 1: 

< Smutted 

63. 6 

22.0 

21.5 

14.5 

12. Q 

133.6 

115. 4 

26,1 

.9 

5.5 

3.8 

3.0 

Smutfree 

65.2 

20.0 

17.3 

18.0 

17.0 

137. 5 

156. 2 


1,4 

8.1 

6.8 



Check 

67.5 

19.8 

19.4 

17.6 

16.2 

140.5 

162.0 


1.5 

8.4 

6.6 



8. cruenta p. r. 2: 














Smutted 

.57.1 

18.5 

17.4 

15.5 

12. 9 121. 4 

115.8 

24.5 

1.0 

5. 6 

5.2 

1.9 


Smutfree 

67.3 

21.4 

18.8 

15.9 

15, 4 138. 8 

153.3 


1.5 

8.5 

7.1 




, Check - 

66.8 

35.0 

10.0 

19.4 

18.0 140. 2 

141. 6 


1.3 

12.8 

6.8 



(8. sorghi p. r. 






1-3: 














Smutted 

62.4 

22.0 

17.6 

17.8 

16.8 

136.6 

150. 3 

8.9 

1.2 

6.6 

6.5 

.3 


Smutfree--. 

59.8 

18.2 

19.9 

18.8 

19.3 136.0 

165. 0 


1.3 

7.6 

6.8 



Check 

58.8 

19.® 

19,3 

19.2 

17.4 

133.7 

164.9 


1.2 

[ 7.6 

6.6 


Manchu Brown 

8. cruenta p. r. 1: 







i 






kaoliang C. I. 

< Smutted 

47.8 

10.8 

9.0 

12.2 

11.6 

91.4 

93.0 

35.3 

.7 

4.5 

4.8 

1.3 

171, 

Smutfree 

55.8 

17.5 

17.2 

16.6 

18.6 

125.7 

143.8 


1.1 

7.2 

6.1 



Check. 

54.5 

13.5 

13.5 

14.4 

14.2 110. 1 

142. 6 


1,2 

7.5 

6. 5 



8. cruenta p. r. 2: 






Smutted 

64.0 

19.0 

15.5 

16.0 

14.5 129.0 

147. 0 

17.4 

1.1 

6.9 

6.0 

1.0 


Smutfree.--- 

63.8 

17.6 

19.8 

19.0! 18.9 139.1 

177. 9 

! 

1.3 

8.5 

7.0 



Check 

60.8 

16.5 

16.8 

16. 6j 17. 5| 128. 2 

172.0 

1 ■ . 

j— .. 

1.4 

8.2 

i, '6. '8 

i-— 

i. 


1 Above ground or visible nodes. 

2 The difference in number of nodes is based on **smutfree” and smutted plants. 


Sphaeelotheca sorghi reduced the height of the plant slightly, while 
S. cruenta p. r. 1 and 2 reduced it materially, as already shown in 
these studies. The percentage reduction for smutted plants of the 
four varieties infected by the two species of smut showed a range for 
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S, sorghi of 4.5 to 11.5 percent; for S. cruenta p. r. 1, 14.7 to 44 percent; 
and for p. r. 2, 17.4 to 32.7 percent. These reductions in height are 
illustrated by figure 1, showing plants of Manchu Brown kaoliang 
infected by S. cruenta p. r. 1. 

The average number of nodes per plant for each variety and the 
average decrease in the number of nodes in smutted plants as com- 
pared with smutfree plants are given in the last two columns of table 

4. The average decrease in number of nodes for the four varieties 
was 0.5, 2.7, and 2.5 in plants affected with S, sorghi^ S. cruenta p. r. 1, 
and S. cruenta p. r. 2, respectively (table 4). Plants affected with 

5, sorghi had essentially the same number of nodes above ground as 
the smutfree plants. This explains why they were approximately 
the same height. Plants infected with S. cruenta always had fewer 
nodes, and in many instances only half as many nodes, as smutfree 
plants. 

While the reduced height of smutted plants may be brought about 
by a combination of shortened internodes and fewer nodes, the latter 
factor is the more important. The two species of smut differ markedly 
in the extent to which they effect reductions in different varieties, 
but the general tendency is for 8. cruenta definitely to dwarf the host. 

The reduction in the stalk diameter of smutted plants of the four 
varieties was significant in most cases and in accord with previous 
results. 

The eft’ect on leaf width was most pronounced in the case of 8. 
cruenta infection, although it was also noticeable in the case of 8. sorghi, 

EFFECT OF SMUT INFECTION ON GROWTH CYCLE 

A striking characteristic of sorghum infected with 8. cruenta is the 
tendency for smutted plants to head several days to 2 weeks earlier 
than unsmutted plants (^, 19), One of the field characteristics of the 
development of the loose kernel smut of sorghum is for the host to 
speed up its growth cycle. In figure 1, B, which shows plants of 
White Durra at 1.5 months of age, the smutted plant (6) has headed, 
while the noninfected plant {a) is still about 2 weeks from heading. 
This difference in time of heading between smutted and normal plants 
was very much less noticeable in plants attacked by 8. sorghi; gen- 
erally such plants do not head more than a day or two before the 
normal plants. 

EFFECT OF SMUT INFECTION ON NODE DIFFERENTIATION 

A possible explanation for the differences observed in node develop- 
ment in smut-infected and normal plants may be derived from his- 
tologic studies. In the present investigations the embryos of Western 
Blackhull kafir, Darso, Scarborough broomcorn. Pygmy milo, and 
feterita were removed from dormant seed and from seed which had 
germinated for 24 hours. It was found that about five nodes besides 
the coleoptilar and scutellar nodes had differentiated in the embryo of 
the normal sorghum seed, a condition similar to that occurring in the 
embryo of corn and other grasses. Supporting evidence by Evans 
and Grover (60 is found in their morphologic studies of eight species 
of grasses other than sorghum. 

As the seed germinates and grows, additional nodes are successively 
differentiated at regular intervals in the apical meristem of the plant. 
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After the rudiments of the panicle are differentiated, no additional 
nodes are formed. This differentiation occurs early in the ontogeny 
of the plant. The number of nodes in the embryo of inoculated or 
uninoculated sorghum seed of the same variety or strain would 
naturally be the same. Some of the young plants are infected with 
the smut as the inoculated seed germinates. The smut invades and 
follows the meristematic tissues of the plant as the latter grows to 
maturity, affecting its metabolism in such a way that fewer nodes are 
formed prior to the differentiation of the panicle. The plant heads 
earlier than the unsmutted plant and is dwarfed, a condition which is 
due primarily to the reduction in the number of internodes. 

In this connection a supplementary experiment was conducted in 
the field and in the greenhouse in 1941 with 10 varieties of sorghum. 
The seed was not smutted, since the authors wished to study the nor- 
mal growth of the plant. By varying the environmental conditions 
an average increase of 50 percent was obtained in the number of nodes 
in the greenhouse plants as compared with the same varieties in the 
field. It is believed, therefore, that the number of nodes which a 
sorghum plant eventually develops depends partly on the inherent 
nature of the variety or strain and partly on environmental factors 
which affect the general metabolism of the plant. 

Since plants affected with S, cruenta are much more dwarfed than 
those affected with S, sorghi, the invasion of the meristematic tissues 
of the seedling by S. cruenta probably had a greater effect on the 
metabolism of the varieties and strains tested than did S, sorghi, and 
consequently a greater influence on node development. 

It is not known whether a chemical depressant is given off by the 
specific smut fungus that causes the host to respond in this manner, or 
whether the mere association of the mycelium of the smut fungus in 
the meristematic tissues of the plant is partly responsible for the 
differentiation of fewer nodes. The former explanation seems the 
more plausible. Different vaiieties and strains of sorghum i^espond 
differently to the same smut. The same variety or strain may respond 
differently to the two races of S. cruenta and S. sorghi (table 4). 

EXCESSIVE TILLERING 

A difference in tillering, very pronounced in a few varieties, was 
observed between smutted and unsmutted plants. All stalks or culms 
are considered as tillers in this discussion. A summary of the data 
on 25 varieties of sorghum shows that plants attacked by S. cruenta 
p. r. 1 had an average of 1.4 more tillers per plant than normal plants; 
those attacked by S. cruenta p. r. 2 had 0.6 more tillers, and those 
attacked by S. sorghi had 0.5 more tillers, than normal plants. Tillers 
produced by plants attacked by Sxruenta'woxo short, slender, and some- 
times decidedly ^^Su'dan grasslike.” A striking example of this is 
shown in figure 3, 6, typical for Shallu C. I. 85. A representative 

picture of what occurs in many varieties, in this instance Acme broom- 
corn, is shown in figure 3, a. 

If the varieties White Durra, Manchu Brown kaoliang, Shallu, and 
Acme broomcorn are considered from the point of view of tillers pro- 
duced, it will be found that those attacked by S, cruenta p. r. 1 pro- 
duced excessive tillering, while those attacked by /S. cmcnto p. r. 2 
and S', sorghi showed only a moderate increase in tillering. Two 
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Figure 3. — On some varieties of sorghum the effect of loose kernel smut {Sphacelotheca crueiiia p. r. 1) is t > produce excessive tillering. 
A, «, A normal plant of Shallu; 6, a smut-infected plant of Shallu. The “Sudan grasslike” but more prostrate growth is a striking 
feature of this variety (photographed Oct. 20, 1936). Such prolific tillering is not typical of all varieties, 
a, Acme broom corn, showing the increased tillering characteristic of many sorghum varieties attacked by S. cruenta; normal plant 

of Acme variety (photographed Aug. 8, 1930). 
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years’ data were obtained, but since the general tendency was the 
same for each year, the results for 1936 only are given. The data in 
table 5 show the comparative differences in amount of tillering for 
these varieties on August 18. Had the number of tillers been counted 
in October when the photograph (fig. 3, A) was taken, the number in 
both normal and smutted plants would have been greater than those 
given in table 5. It is apparent that a smutted plant has a tendency 
to produce more as well as shorter shoots. This tendency varies in 
varieties and may be influenced both by seasonal conditions and the 
age of the plant. 


Table 5. — Results showing the efect of smut injection in sorghums on tiller produc-- 
tioUj Manhattan, Kans., 19S6 ^ 


Smut species and sorghum variety 

Number of tillers 
per plant 

Increase in 
number of 

Normal 

Smutted 

tillers 

S. sorghi p. r. 1-3; 

White Durra 

1 

2. 1 

1.9 

-0.2 

Manehu Brown kaoliang.. 

2.0 

2, 6 

.6 

Shallu- - - 

2.3 

I, 3.8 

1.5 

Acme broomcorn 

1.7 

3.1 

1.4 

(S', cruenta p. r. 1: 

White Durra 

1.6 

3.9 

2.3 

Manehu Brown kaoliang 

1.4 

3.3 

1.9 

Shallu .1 

2.6 

4.9 

2.3 

Acme broomcorn - 

1. 3 

6.1 

4.8 

R cruenta p. r. 2' 

White Durra 

1.5 

3.0 

1.5 

Manehu Brown kaoliang 

1.5 

1.9 

, .4 

Shallu r - - 

2.3 j 

3 5 

1.2 

Acme broomcorn 

1.8 ! 

3.7 

1.9 



‘ Data taken August 18. 


VEGETATIVE PROLIFERATION OF SMUTTED PANICLES 

During the course of these investigations, it was observed that pro- 
nounced proliferation of smutted panicles occurred in certain varieties 
of sorghum attacked by Sphacelotheca cruenta (fig. 4, A, h), Reed {17) 
and Reed and Melchers {19) mentioned this as a characteristic of this 
species of smut. In the experimental plots in Kansas increased 
proliferation has not been observed in unsmutted panicles of the same 
varieties growing in the same row, nor has it been noted in plants 
attacked by S, sorghi. A similar, but usually moi’e intensified prolifera- 
tion has been observed in Kansas and elsewhere on sorghum plants 
attacked by S. reilianum (Kiihn) McAlp., which causes head smut 
(fig. 4, A, a). Apparently this abnormal condition is the expression 
of a stimulus brought about by conditions other than smut infection, 
since Karper and Stephens {11) describe a similar, heritable abnor- 
mality on un smutted Blackhull kafir panicles in Texas. In 1940 
several plants of Wheatland sorghum collected in Stevens County, 
Kans., had a type of proliferation not due to smut infection. The 
writers believe this may be similar to the one described by Karper 
and Stephens {11), A normal panicle of Wheatland, a greatly pro- 
liferated panicle, and a deformed spikelet are illustrated in figure 4, R. 

The proliferation caused by the loose kernel smut infection is more 
pronounced in some varieties than others. In the group of 25 varieties 
examined over a period of several years, those in which proliferation 
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was observed to be very marked were Sballii., Acme broomcorn, 
Kansas Orange sorgo, and Coon darso. Essentially, the abnormality 
is a type of fasciation with small shoots developing from tissue which 
generally gives rise to the floral organs of the spikelet* A smutted 
panicle with numerous abnormal spikelets beoonies very noticeable 
because of the brushy^’ appearance of the panicle (fig. 4, A, 6). 
The pronounced dark-green color of the proliferated part contrasts 
vividly with the normal green of the remainder of the plant. It is 
similar to the dark-green color that develops in heads of wheat 
plants attacked by Tilletia levis. 

The extreme case of panicle proliferation shown in figure 5, A, is a 
plant of kafirXfeterita infected with S, cruentd p. r. 2, which was 
selected by C. O. Johnston, who made a further study of its develop- 
ment. Some of the smutted spikelets vegetated rapidly after rains 
in late August. No seed developed in the head. A few spikelets 
produced anthers, as shown in figure 5, A, a. The spikelet shown in 
figure A^ b was removed, placed in water, and allowed to stand in 
the laboratory where it produced roots, as shown in figure 5, B. 
Later it was placed in soil in the greenhouse, but it lived only a few 
weeks. On dissection, it was found to contain two or three aborted 
spikelets, which seemed to indicate that the structure was prolifer- 
ated flowering parts. 

SIZE OF SMUT SORI 

Considerable variation has been observed in the size of the smut 
sori on different varieties of sorghum. This feature was not studied 
in detail, but it is apparent that the sori on certain varieties are par- 
ticularly long and curved. The differences in size and color of the 
smut sori and peridia of different physiologic races of S. sorghi have 
already been described (15). Recently observations on the size of 
sori and color of peridia have been made by Tyler (£1) in connection 
with genetic studies in S, sorghi. 

When kafir X feterita K. B. 2686 was infected with 8. cruenta'p. r. 1 
and 2, there was a marked difference in the appearance of the sori of 
the two races. Several years’ data showed that the average length 
of the sori of p. r. 1 was about 1 cm., while that of p. r. 2 was about 
1.5 cm. (fig. 6, A). The differences were not seasonal. The varia- 
tion in length of the sori on other varieties of sorghum inoculated 
with the two physiologic races of S. cruenta was less noticeable, al- 
though there was a tendency for those produced by p. r. 1 to be 
slightly longer. Only 2 years’ study has been made on this phase of 
the work, and further observations with other varieties would be 
desirable. 

Figure 6, R, shows certain differences between physiologic races 
1 and 2 of S. cruenta on White Durra. These differences were observed 
for several seasons on this variety. Figure 6, R, is a normal head 
of White Durra and J is smutted, showing glume proliferation and 
the absence of awns. Smutted panicles of White Durra in which the 
sori involve the rachilla (fig. 6, R, a to d, and g to j) have been observed 
during certain seasons on a few varieties affected with R. 
physiologic race 2, but not on the same varieties affected with R. 
physiologic race 1 under the same environmental conditions. 
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In some varieties infected with physiologic race 1, the fungus 
limits its sporulating area to the ovaries of the flower, as shown in 
figure 6, /. 

^ ‘ LACK OF AWN DEVELOPMENT 

The group of sorghums known as milos have short awns or barbs 
on the glumes, a characteristic which distinguishes them from other 


j Figure 7.— Partly smutted panicles of Sooner milo, (A), Darso (B), and Cream 
milo (C). The smut is Bphacelotheca sorgki physiologic races 2. Note the lack 
of development of the awns on the glumes of the smutted spikelets. This is 
characteristic bf the milo group. 

sorghums. The milos are generally considered resistant to S. sorghi 
and S, cruenta, BUhongh recent studies have proved that certain 
physiologic races attack them (14y When a milo head or part of 
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a panicle is infected with the kernel smut organism, there is a partial 
or entire lack of awn development on the spikelets attacked, as is 
shown in figure 7* The fungus in this instance was S. sorghi physio- 
logic race 2; the effect of S. cruenta physiologic race 1 on White 
Duri'a is shown in figure 6, B, /. In the latter case there was a com- 
plete suppression of awn development since all the spikelets were 
affected by the smut. 

SUMMARY AND CONCLUSIONS 

A study was made of 25 varieties, selections, and hybrids of sorghum 
to determine the effect of the kernel smuts Sphacelotheca sorghi 
S. cruenta on the noiinal development of the host. Data on the 
reduction in height of plant, diameter of stalk, and width of leaf 
showed that sorghum vaiieties react differently to these two smuts. 
The average reduction in height from the normal of the varieties 
tested with sorghi was 2 percent; with S. cruenta physiologic races 
1 and 2, 19 and 18 percent, respectively. The average reduction in 
diameter of stalks infected with S. sorghi was 18 percent, whereas in 
stalks infected with S. cruenta physiologic races 1 and 2 the average 
was 38 and 27 percent, respectively. The average reduction in leaf 
width of smutted plants as compared with the normal for all the varie- 
ties infected with S, sorghi w 2 ls 16 percent; while with S, cruenta 
physiologic races 1 and 2, it was 33 and 23 percent, respectively. In 
general, therefore, the reductions in height, diameter of stalk, and 
width of leaf were greater in plants infected with 8. cruenta than in 
those infected with S. sorghi. Furthermore, S. sorghi infection did 
not consistently reduce the height of the plant, although it materially 
reduced the diameter of the stalk and the width of the leaves. 

These reductions in plant parts by both of the kernel smuts are of 
economic importance since they result in a reduction in the tonnage 
of grain and forage that may be expected from badly smutted crops. 

A study was made to find what causes the reduction in height of 
smutted plants. The reduced height of plants infected by S. cruenta 
was found to be due partly to shortened internodes, but primarily 
to a reduced number of internodes. Plants attacked by S. cruenta 
had fewer nodes than those attacked by S. sorghi. In several in- 
stances the varieties attacked by the former had only half as many 
nodes as smut-free plants. 

A histologic explanation of the causal factors concerned in node 
reduction of smut-infected sorghum plants is believed by the writers 
to be as follows. The smut fungus invades and follows the apical 
meristematic tissue of the sorghum plant. This invasion affects the 
metabolism of the growing plant in such a way that it forms fewer 
nodes prior to the differentiation of the panicle than does a normal 
plant. Consequently the infected plant heads earlier than the non- 
infected plant and is dwarfed primarily because of the reduction in 
the number of internodes. Whether it is chiefly a chemical stimulus 
initiated by the specific smut fungus that causes the host to respond 
in this manner, or whether some additional action of the mycelium 
in the meristematic tissue is partly responsible is not known. The 
authors believe the first explanation to be the more plausible. In 
respect to the extent of node reduction, varieties and strains of sorghum 
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differ. Also, tiie same variety or strain may differ in its response 
to/attack by tlie different races of S, cruenta and S. sorghi. 

The growth cycle of plants attacked by S. cruenta is speeded up; the 
plants head from a few days to about 2 weeks earlier than unsmutted 
plants. In general, plants attacked by S. sorghilmsidL at approximately 
the same time as smut-free plants. 

In 25 varieties of sorghum plants attacked by S. cruenta physiologic 
race 1 had an average of 1.4 more tillers than normal plants; the 
plants attacked by S, cruenta physiologic race 2 had 0.6 more till- 
ers; and those attacked by S, sorghi had 0.5 more tillers. The 
results indicate a tendency for smutted plants to tiller more abun- 
dantly than smut-free plants, and in certain varieties this character- 
istic is very pronounced. 

The proliferation of glumes of some varieties of sorghum infected 
with 8, cruenta was very striking in the field because of the brushlike 
appearance and abnormally dark-green color of the glumes. Plants 
attacked by 8. sorghi showed neither of these characteristics. 

In the expeidments conducted, the size and shape of sori were found 
to vary according to the species and race of smut and the variety of 
sorghum attacked. However, too few varieties were studied for 
definite conclusions to be formed and additional data would be de- 
sirable. It is apparent that kafir X feterita K. B. 2686 when infected 
with 8. cruenta physiologic race 2 has longer and more curved sori 
than when affected with 8, cruenta physiologic race 1 or 8, sorghi, 

A singular effect of sorghum kernel smut on the florets of milo and 
milo hybrids is the lack of development of awns which is a charac- 
teristic of normal florets in this group of sorghums. 
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EFFECT OF BORON DEFICIENCY ON THE HISTOLOGY 
OF GARDEN BEET AND CABBAGE' 


By James P. Jolivette, instructor, and J. C. Walker, professor of plant pathology, 
Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

When garden beet (Beta vulgaris L.) and cabbage (JBrassica oleracea 
var. capitata Jj.) are grown in nutrient solution or in soil deficient in 
boron, marked external malformation, together with internal discolora- 
tion and necrosis, occurrs in several organs of the plants. The appear- 
ance of macroscopic symptoms is quite sudden if boron deficiency is 
acute. Signs of the disease are similar in seedlings of both species and 
in the mature plants of garden beet, but they differ markedly in the 
mature plants of cabbage. Since beet and cabbage differ widely^ in 
anatomy, they were particularly suitable subjects for a comparative 
study of the nature and extent of histological changes leading to and 
accompanying macroscopic symptoms of boron deficiency. 

Investigators undertook to study the histological changes induced 
in plants by boron deficiency soon after establishment of the fact that 
boron is essential to normal plant growth. Interest in the subject was 
further stimulated by the discoveries of Mes (20) ® and Brandenburg 
(4) that a number of unexplained plant diseases were due, priniarily, 
to boron deficiency. The effects of boron deficiency have been inves- 
tigated by others in sugar beet {Beta vulgaris L.) {21), broadbean 
{Vida f aba L.) {5, 32), potato {Solarium tuberosum L.) {24) ^ tobacco 
{Nicotiana tabacum L.) {22, 26), tomato {Lycopersicon esculentum Mill.) 
{15, ^S), pea {Pisum sativum L.) {28), rutabaga {Brassica campestris 
var. napobrassica DC.) {6, 17), carrot {Daucus carota L.) {33), sugar- 
cane {Saccharum offidnarum h,) {19), com {Zea mays L.) (7), apple 
{Malus pumila Mill.) (i5), grapefruit {Citrus grandis Osbeck) {12), 
and orange {Citrus sinensis Osbeck) {12), These reports vary from 
mere mention of affected tissues to detailed histological studies. 

These studies showed that the most extensive pathological changes 
caused by boron deficiency occur in the meristematic regions and in 
the pith. Frequently the first evidence of degeneration appeared at 
or near the apical growing point. Later, abnormalities were common 
in vascular tissues throughout the plant and in the mesophyll of 
expanding leaf laminae. Often differentiation was retarded or sup- 
pressed. Younger differentiated elements were misshapen, and hy- 
pertrophy and hyperplasia, accompanied or followed by necrosis/ were 
common in the cambial zone. Some workers found inter- and intra- 
cellular deposits in the necrotic areas. The histological changes found 

1 Received for publication March 11, 1942. This study was supported in part by the Wisconsin Alumni 
Research Foundation and the American Potash Institute, Certain nontechnical assistance was provided 
by the Work Projects Administration, project No. 65-1-53-2349. The photographs were made by Eugene 
Herrling, Wisconsin Agricultural Experiment Station. 

2 The writers wish to acknowledge the helpful advice of Prof. Emma L. Fisk, Department of Botany, 
University of Wisconsin, during the course of this investigation, 

3 Italic numbers in parentheses refer to Literature Cited, p. 181. 
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in boron-deficient sugar-beet seedlings by Rowe {21) were of partic- 
ular interest to the writers because of the anatomical similarity be- 
tween the sugar beet and the garden beet. A comparison between 
these and the abnormalities found in garden beet will be brought out 
later in this paper. 

MATERIALS AND METHODS 

Most of the plants used in these studies were grown in sand-nutrient 
cultures. The remainder came from a field of Poygan silty clay loam 
near Winneconne, Wis., or from one of Miami silt loam at Madison, 
Wis. 

The clay pots in which the plants were grown were given two coats 
of varnish to prevent them from absorbing salts. A one-half inch 
layer of small stones was placed in the bottom of each pot to insure 
good drainage. A thin layer of glass wool was placed over the stones, 
and the pots were then filled with washed white quartz sand. 

In preliminary work in sand-nutrient culture, Shive’s Best three- 
salt solution^ (^5), to which small amounts of ferrous sulfate 
(FeS04.7H20), zinc sulfate (ZnS04.5H20), manganous cliloride 
(MnCl2.4H2d), and copper sulfate (CUSO4.5H2O) were added, was 
diluted 10 times and used as the standard. The solution was modi- 
fied ® in later experiments to obtain more vigorous growth, but no 
marked differences in the histology or morphology of the plants grown 
in the original and the modified solution were observed. These two 
solutions will be referred to as minus-boron solutions. When it was 
desired to obtain normal growth, boric acid (H3BO3) was added to the 
solution at the rate of 0.75 p. p. m. of boron. A modification of the 
continuous-flow system described by Allison and Shive (f), adjusted 
to deliver approximately 1 liter per day to each 10-inch clay pot, was 
used to supply the solution. The salts and water used in these studies 
were found by microchemical test ® to be free from boron. 

Plants started from seed in minus-boron sand-nutrient cultures 
seldom developed more than two or three true leaves. Therefore, 
when plants at later stages of development were desired, it was neces- 
sary to grow them for some time in the complete solution before 
transferring them to the minus-boron solution. Small beet plants 
grown in normal nutrient, including those with five or six leaves, were 
removed and their roots washed free of sand. Some were then trans- 
planted to minus-boron solution and others back to complete solution 
to give plants in both types of culture the same start. A better method 
for larger plants was the shifting of entire pots from the complete to 
the minus-boron solution. When this shift was made a certain amount 
of boron was carried over in the sand and the appearance of boron- 
deficiency symptoms was delayed 2 to 4 weeks. Cabbage plants were 
handled similarly, except that seedlings up to the eighth-leaf stage 
were transplanted. In all cases in which plants were transferred from 
one solution to the other, similar were left under the original 

conditions as controls. • 

Garden beets of the varieties Detroit Dark Red (Ferry strain), 
Good For All, and Woodruff Improved Short Top were used in the 

4 MgS04.7H20, 0.0150 M; KK 2 PO 4 , 0.018 M; and Ca(N03)2.4TT20, 0.0052 M. 

® MgSO-j. 713*20, 0.0004 M;^ KH 2 PO 4 , 0.0016 M; and Ca^N03b.4H20, 0.0016 M; this solution was used with- 
out dilution. The sarre mieroeleTnents as used in addition to Shivers Best solution were incorporated. 

6 The writers are indebted to Dr. Kermit C. Berger, Department of Soils, University of Wisconsin, for 
making these tests. 
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field and greenhouse studies. The cabbage varieties used were Jersey 
Queen, Resistant Detroit, All Head Select, Marion Market, Wisconsin 
All Seasons, and Wisconsin Ballhead. 

Care was exercised to collect material as nearly comparable as could 
be obtained from normal and boron-deficient plants, taking into 
account the relatively slower growth of those in the deficient nutrient 
solution. 

After preliminary trials with several fixatives, a solution of formalin, 
ethyl alcohol, and acetic acid, mixed in the ratio of 5-90-5, was 
selected. All material was prepared for infiltration by the ethyl-butyl 
alcohol method and then embedded in tissue-mat paraffin with a 
melting point at 52^ to 54^ C. Relatively thick sections were required 
in many cases since the pathological changes induced by boron de- 
ficiency caused the tissue to crumble and to tear easily. Most of the 
material was stained with safranine and fast green. For study of 
certain structures of the phloem in beets, safranine and orange G, 
Delafield^s haematoxylin and safranine, and a modification of Mayer’s 
haemalum and orange G were used, 

EXPERIMENTAL RESULTS 

PATHOLOGICAL HISTOLOGY OF BORON-DEFICIENT GARDEN BEET 

The macroscopic symptoms of the boron-deficiency disease, known 
as internal black spot, have already been described (^5, 30), The 
normal anatomy of the sugar beet has been described fully by Art- 
schwager (3, S), Esau (<§, 9, 10, 11) and Hayward {H), In general the 
facts apply also to the garden beet. The histology of boron-deficient 
plants will be discussed in relation to the various organs affected. 

Root and Hypocotyl 

The effect of a deficiency of boron on root and hypocotyl is con- 
sidered first with regard to plants in which little or no tertiary thicken- 
ing had occurred. The most noticeable abnormality at this stage was 
found in certain cells of the phloem resembling companion cells. 
Many of these were entirely or partly filled with a dense substance 
wRich stained heavily with safranine, orange G, or haematoxylin 
(pi. 1, B, C), The lumen contents were densest near the cell wall. 
Near the center of the cell they were granular or made up of a mosaic 
of dark- and light-stained areas. Similar degenerated phloem cells 
were found in the roots of plants showing a marginal necrosis of the 
lower leaves which resulted from an excessive supply of boron (pL 1,1)). 
This suggests that the response is not specific for boron deficiency. 

In content these cells were similar to those described by Rowe {21) 
in the phloem of sugar-beet seedlings receiving an inadequate boron 
supply. Some of them abutted the sieve tubes and appeared to be 
companion cells rather than tlm^abnormal sieve tubes found by 
Rowe {21) in boron-deficient sug^b^ets:,,; Others were not associated 
with the sieve tubes and their identity remains uncertain. They may 
be phloem-parenchyma or undifferentiated phloem cells, but in any 
case they do not appear to be sieve tubes. In normal plants the dense 
cytoplasm in the companion cells stained heavily, but except near the 
nucleus the lumen was not completely filled at any one level, and the 
contents were not as dense as the material in the cells of boron- 
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deficient plants filled with darkly stained material. As a result, 
relatively few heavily stained cells were seen in cross sections of 
normal plants (pi. 1, A) as compared with the number in abnormal 
plants (pi. 1 , 5, (7) . Usually the other tissues of the root and hypocotyl 
of boron-deficient plants were normal at this stage, but occasionally 
large thin-walled cells replaced the normal tabular cambial cells 
between the secondary xylem and phloem. In a few specimens a 
number of the cells which would normally functio.n in_ initiating the 
first tertiary ring were hypertrophied and had proliferated while 
adjacent ended ermal cells were crushed. 

In slightly older plants thick-walled xylem elements had differ- 
entiated in the first two tertiary rings and the phloem could just be 
distinguished in the third ring. Pathological changes were more 
extensive in these than in younger plants. In the secondary phloem 
the degenerated cells were quite numerous. In both primary and 
secondary xylem intercellular brown deposits appeared, particularly 
near the thick-walled xylem elements, some of which were filled with 
darkly stained material. Cells adjoining the deposits were frequently 
distorted in size and shape. In the first tertiary ring, discolored or 
degenerated phloem cells were fairly numerous. The disorganization 
in the xylem of this ring was more pronounced than in the secondary 
xylem, especially in proximity to differentiated vessels. Here groups 
oi parenchyma cells had discolored walls and contained discolored 
protoplasts. Many such cells had collapsed. Near the periphery of 
such areas there was less discoloration of both walls and protoplasts, 
while enlargement and proliferation of bordering parenchyma cells 
tended to wall off the necrotic region from the .normal tissue. Although 
most of the pathological areas included only two or three thick- 
walled xylem elements and adjacent parenchyma cells, a few involved 
all the xylem and cambium of a bundle or of two adjacent bundles. 
When the cambium was included, the normal cells were replaced to 
some extent by spherical to cubical thin-walled cells. 

The second and third tertiary rings in some plants at this stage were 
normal; in others there was slight cell proliferation or enlargement 
and a few discolored and crushed cells in some of the bundle initials. 
These occurred near the few differentiated thick-walled elements in the 
second ring and in an occasional phloem group in the third ring. 
It is probable that the degree and location of the pathological changes 
in these rings were determined by the relative acuteness of boron 
deficiency in the plants examined. No abnormalities were found in 
the fourth ring, in which only a few phloem cells had differentiated. 

Plants similar to those just described were continued on boron- 
deficient nutrient and examined 1 mo.nth later to determine the effect 
of a longer period of boron starvation. By this time there was 
considerable interzonal parenchyma in the first four rings. A few 
thick-walled vessels were present in some bundles of the third tertiary 
ring of the “taproot” but only the phloem groups had differentiated 
in the fourth and fifth rings. In the well-differentiated bundles of 
the first and second rings the pathological changes and tissues in- 
volved were the same as those described for the first ring of younger 
plants except that a greater proportion of the xylem of affected 
bundles was usually involved (pi. 2, P). At this stage in the third 


7 "Taproot^' as used here includes root and hypocotyl. 






Transections of garden beet seedlings. A, I^ower hypocotyl of normal plant. 
X 155. B, Lower hypocotyl of boron-deficient plant; note deeply stained 
phloem cells. X 310. C, Lower hypotocyl of boron-deficient plant. Many of 
the abnormal phloem cells are only partly plugged. Compare with A and jB, 
X 207. D, Hypocotyl of plant receiving an excess of boron; note numerous 
cells filled with darkly stained materials in the secondary phloem and the early 
differentiation of xylem elements in the tertiary ring. X 105. 


Boron Del'iciency in Garden Beet and Cabbage PLATE 2 



Transections from ''taproot” of garden beets in which the fifth tertiary ring had 
begun to differentiate. A, Fourth and fifth rings in normal beet. ‘X 51. B, 
Fourth and fifth rings in boron-deficient beet; note that while a portion of the 
fourth ring is entirely disorganized, some vascular groups are discernible in 
ring (indicated by arrow). X 42. C, Normal beet, second tertiary ring. X 42. 
D, Boron-deficient beet, second tertiary ring; note that abnormalities in xylem 
and adjacent parenchyma are associated with thick-walled xylem elements 
(indicated by arrow). X 44. 
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and fourth rings there were some abnormal areas as in the younger 
plants/ but there were also larger areas of disorganized tissues involv- 
ing all or part of several bundles and adjacent interzonal parenchyma 
in one or both rings (pi. 2, B), Scattered throughout such areas 
were groups of crushed parenchymatous cells enclosing brown deposits 
among them as well as an occasional misshapen vessel segment/ 
sieve tube, and companion cell. Near the margin of these areas the 
brown deposits were for the most part intercellular, some cells appear- 
ing normal except for a slight discoloration of one or two walls. 
Interspersed among the patches of necrotic cells were groups of small 
rapidly dividing cells and enlarged, thin-walled ones. Those adjacent 
to the necrotic tissues sometimes appeared to be so oriented as to 
wall off that region. However, the larger areas of proliferated cells 
which were arranged in radial rows appeared to be part of the degener- 
ate area rather than the result of a growth response to the necrosis. 
Many of the larger cells had their long axis in a horizontal plane. 
The few isolated normal phloem groups in disorganized areas probably 
had differentiated before boron deficiency became acute. The areas 
of disorganized tissues in the third and fourth rings were macroscop- 
ically visible as typical internal black spot lesions, while those in the 
two inner rings were not, indicating that a considerable amount of 
the brown deposit and many necrotic cells were necessary before there 
was any macroscopic evidence of the pathological changes in the 
boron-deficient plants. No abnormalities were found in the fifth 
tertiary ring of plants at this age. 

In still older plants which had three or more tertiary rings in which 
xylem elements had differentiated, pathological changes were confined 
to two or three rings much as was found to be the situation in sugar 
beets by Rowe (21). The fact that the inner rings wei^e usually 
normal suggested that they had differentiated before the available 
boron was used up. In the ring in which only a few thick-v/alled 
xylem elements had developed and in the next one or two outer rings 
there were disorganized and necrotic areas, similar to, but more ex- 
tensive than, those in comparable rings of younger plants. Frequently 
the ratio of necrosis to hypertrophy and hyperplasia was greater in 
older plants. The youngest outer rings in which a few bundle initials 
were nresent were normal. 

Field-grown beets showing internal black spot symptoms contained 
abnormalities similar to those just described (pi. 3). The apparent 
confinement of symptoms to interzonal parenchyma in larger field 
beets can be attributed in part at least to suppression of vascular 
differentiation in the affected area, to an increased amount of inter- 
zonal parenchyma, and to a higher ratio of necrosis to proliferation in 
the affected parenchyma. In some field specimens, disorganized and 
necrotic areas appeared in the more mature inner rings with or without 
degeneration in the younger rings. It is probable that there was a 
deficiency in boron during the period of rapid development in the 
affected areas and that the supply of boron became adequate again 
before much differentiation occurred in succeeding normal rings. In 
roots of some plants abnormalities were confined to a single small 
area in one layer of interzonal parenchyma. The abnormalities found 
were the same as those in larger spots except that the area was com- 
pletely separated from normal tissue by a zone of actively dividing, 
thin-walled cells. 
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la larger beets degeaerated areas in the interzonal parenchyma 
frequently assumed a definite pattern (pi. 3, (7). Near the center of 
the degenerate area was a mass of crushed, dead cells, brown inter- 
cellular and intracellular deposits, and a few distorted parenchymatous 
cells with discolored walls. The region adjacent to this area, and 
between it and the center of the root, was composed of numerous small, 
and a few enlarged, thin-walled cells all of which were oriented radially 
(pi. 3 (7, a), while the adjacent tissues in the direction of the periphery 
consisted of many hypertrophied and a few hyperplastic cells with 
their long axes parallel or nearly parallel to that of the main necrotic 
area (pi. 3 0, b). 

Petiole of the Leaf 

True leaves in a vegetative crown differentiate successively from 
the apical meristem just above the cotyledonary node. 

Since the newly initiated leaves of the beet develop as older ones 
become senescent, it was possible to obtain material at several stages 
of the disease from a single plant. Therefore, in histological studies, 
both the nature of the pathological changes induced by boron defici- 
ency and the variation in the degree of these changes causing the 
different macroscopic symptoms could be determined. While the 
size and shape of the leaf varies among varieties, the types of tissue 
and their arrangement are similar in all varieties examined. 

Abnormalities in older leaves were found in the petioles of old 
malformed leaves and in some which were macroscopically normal as 
well as in malformed ones (pi. 4, D). As in the root and hypocotyl 
many pliloem c^lls contained excessive amounts of heavily stained, 
granular material. Frequently the cambial zone was composed of a 
wide band of thin-walled cells some of which were hypertrophied and 
others small and rapidly dividing. A few misshapen xylem elements 
were interspersed among the thin-walled cells. In bundles in which 
cell enlargement and proliferation were extensive, a few discolored 
cell walls and some brown deposits were present (pi. 4, Z>). In such 
bundles there was a decrease in the amount of normal differentiated 
xylem and phloem tissue. The extent of vascular disorganization 
varied in different bundles at a given level (pi. 4, J?) and at different 
levels in the same petiole. No abnormalities were found in any other 
tissues in petioles of older, apparently normal leaves. 

In the petioles of younger leaves which showed macroscopic symp- 
toms degen eratio.n appeared earlier and progressed farther. The 
magnitude of microscopic degeneration in these was in direct propor- 
tion to the severity of external symptoms. In the vascular bundles 
heavily stained phloem cells were present but were less numerous than 
in petioles of older leaves. A few of the younger sieve tubes and com- 
panion cells were short and irregularly shaped. The cambial zone 
contained many hypertrophied and a few small thin-walled cells. 
In some bundles a few of the giant cells extended from the xylem to 
the phloem. In others the cells in the cambial zone near the phloem 
were much larger than those adjacent to the xylem (pi. 5, (7). Scat- 
tered among the thin-walled cells near the xylem were strands of 
distorted scalariform vessel segments which were oriented at various 
angles. Often successive elements failed to join or were only partly 
connected. There was seldom any evidence that these strands were 
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‘Taproots” of boron-deficient garden beets. A and B, Adjacent transections near 
periphery of a young field-grown plant. Note that some vascular tissue in the 
severely diseased region is not disorganized; slight degeneration in one bundle of 
the inner ring. X 26. C, Transection from a taproot near maturity. Note the 
radial rows of proliferated cells (a) inside the necrotic area and the hypertrophied 
cells (b) outside the necrotic area. Note also the necrosis abound a xylem element 
in upper left corner of photograpn. X 44. D, Longisection of young beet near 
periphery. Note the difference in the extent of degeneration at the different 
levels. X 18. 
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connected with the older xylem tissues, in which only a few of the 
vessel segments were misshapen. In a few specimens some xylem 
parenchyma cells were hypertmphied. 

In the more severely affected bundles there was considerable cell 
discoloration and disintegration in the cambial zone. Although in a 
few specimens the discoloration first appeared near the differentiated 
tissues (pi. 5, C), the first evidence of degeneration in most cases was 
a slight discoloration of adjacent walls of 2 or 3 cells, usually hyper- 
trophied ones, in the cambial zone similar to that shown in. older 
leaves (pi. 4, D). As such an area of discolored tissue eiilarged, 
some cells near the centhr were crushed and discolored. Others 
retained their form but were darkened by heavily stained deposits. 
In acute cases the necrotic areas included portions of the xylem, 
phloem, bundle caps, starch sheath, and adjacent parenchyma as 
well as the cambial zone (pi. 5, O). In some bundles (pi. 5, 5, C) 
there was considerable necrosis in the phloem and starch sheath, but 
little or none in the bundle cap between them. When a portion of 
the xylem bundle cap or starch sheath was involved in a necrotic area, 
the adjacent cells were often hypertrophied (pi. 5, i?, C). Paren- 
chyma cells between bad!}’' disorganized bundles were also much 
enlarged (pi. 5, C). In addition to degeneration in and near the 
vascular bundles, necrotic areas wene frequently present in sub- 
epidermal tissue. These areas were most common at the petiole 
margin and at the ribs, regions where collenchyma would normally be 
present. Cells abutting the necrotic tissue were frequently mis- 
shapen and hypertrophied. In a few specimens epidermal cells were 
involved in the necrotic area. 

Changes in petioles of very small, stunted leaves were similar to 
those just described, except that there were less hypertrophy and 
proliferation and more cell deposits in the cambial zone (pi. 5, B). 

Examination of petioles of unilaterally developed leaves described 
elsewhere {29, SO) revealed that the bundles on one side showed slight 
if any pathological change while those on the other side had undergone 
extensive degeneration (pi. 4, B). This could account for both the 
unilateral development of the lamina and the intensification of red 
color in the poorly developed portion. Degeneration and the accom- 
panying decrease in differentiation of vascular tissue would retard 
leaf development and impede the movement of materials to and from 
the affected region and the resultant accumulation of sugars would 
lead to increased pigmentation. The necrosis and proliferation found 
in the subepidermal tissue of the petiole might well account for the 
external cross-hatching symptoms (pi. 5, B, D) occasionally observed 
in petioles of boron-deficient garden beet {SO). 

Lamina of the Leap 

In the lamina of the normal beet leaf, xylem, phloem, and cambium 
are found in the midrib and larger veins, but xylem and phloem or 
xylem only is found in the smaller veins. The single-celHayered 
epidermis is composed of irregularly shaped cells. Stomata, which 
are present on both dorsal and ventral surfaces, are slightly more 
numerous on the former. The mesophyll consists of two or three 
layers of palisade cells on the yentral side, which grade into spongy 
parenchyma cells on the dorsal side. Cells of both contain numerous 
-3 ■ 


509338 — 43 - 


174 


Journal oj Agricultural Research 


Vol. 66, No, 4 


chloroplasts. It is possible that, as fomid by Artschwager {2) in 
sugar beet, the ratio of palisade to spongy parenchyma cells is higher 
in thick leaves. 

In the inesophyll of the lamina of young leaves from boron-deficient 
plants both cell enlargement and cell proliferation occurred. Some 
of the hypertropliied spongy parenchyma cells were elongated with 
their longitudinal axis parallel to the leaf surface. The chloroplasts 
did not appear to be quite so numerous nor quite so green as those in 
normal plants. In the reddened leaves examined, the pigmentation 
was confined to the mesophyll cells just beneath the epidermis, except 
at the midrib and the larger veins. In these regions the red pigment 
and a brown pigment were found in two or three subepidermal cell 
layers. Necrotic areas were sometimes found in younger leaves, 
particularly near the expanding margin of the lamina. In the larger 
veins and in the midrib there was vascular disorganization similar to 
that found in the petiole. 

Floral Axis 

As in the other organs of the plant, the changes found in the slightly 
differentiated tissues near the growing point of the floral axis were 
similar to those in the more mature tissues, except for the -degree to 
which the various tissues were affected. In the slightly difi'erentiated 
regions darkly stained phloem cells similar to those found in the root 
and hypocotyl were present in most bundles, but were particularly 
inmierous in those which were otherwise quite normal. All or a 
portion of the cambial tissues were corhposed of hypertrophied and 
hyperplastic cells (pi. 6, B), The few thick-wmlled vessels present in 
the xylem were scattered among numerous, radially elongated, thin- 
walled cells (pi. 6, C). Frequently some of the parenchyma cells in 
the vicinity of the innermost xylem elements were crushed and heavily 
stained. Occasionally a xylem element had degenerated. Pith cells 
in large areas adjacent to such bundles were also greatly enlarged and 
horizontally elongated (pi. 6, J?). Infrequently a crushed cell or a 
few cells with discolored walls were found in these abnormal areas. 
Patches of necrotic cells which were found in the subepidermal col- 
lenchyma layers occasionally extended to include epidermal cells. 
At some levels of the stem these necrotic areas extended inv^ard and 
connected with similar areas in the vascular tissues. 

In regions of the floral axis in wdrich tertiary thickening was well 
under way heavily stained phloem cells were present in both secondary 
and tertiary phloem. The numerous thin-walled, hypertrophied cells 
interspersed among the primary and secondary xylem elements were 
not so much enlarged as similar cells near the apex (compare pi. 6, B 
and C with D ) . The number of already differentiated xylem elements 
in this region may have been a factor in checking cell enlargement. 
The areas of crushed cells among the xylem elements and in abutting 
pith tissue were larger and more numerous than in younger tissue 
(pi. 6, D). Areas of enlarged and proliferated cells found in the pith 
were similar to those in younger tissues except for the greater amount 
of necrosis. In a few cases small islands of normal parenchyma cells 
which extended but a few cells horizontally and vertically were found 
near the center of an area of abnormal pith cells. In the tertiary 
ring the cambial zone was often composed of a mosaic of large, radi- 
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Transections from garden beet petioles. A, Normal leaf. X 22. Boron-deficient 
young leaf ; note extensive necrosis and accumulation of deposits in the vascular 
bundles, the hypertrophied cells .adjacent to the two largest bundles, and the 
subepidermal necrosis. X 31 . C, Boron-deficient leaf near the base of the lamina ; 
note necrosis in phloem and starch sheath in one bundle (indicated by arrow) 
and necrosis in the lower wing. X 20. D, Portion of petiole which showed cross 
hatching; note abnormal areas at the top and along the dorsal margin. X 33. 




Transectioiis from floral stalks of garden beet. A, Normal plant near apex. 
X 26. /?, Boron-deficient plant near apex; note riecrosis and deposits at junc- 

ture of pith and vascular tissues and the association of pith and cortical degen- 
eration with vascular degeneration. X 23. C, Enlargement*' from B;. note the 
radial elongation of xylem parenchyma cells. * X 68. D, Four internodes below 
/:?; note that hypertrophy and hyperplasia are more extensive in the region of 
the secondary cambium than in the xylem parenchyma. X 21. 
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ally elongated and small, rapidly dividing cells aminged in radial 
rows (pi. 6, D). The changes here were similar to those found in the 
biiiidles of petioles of boron-deficient beet plants. Parenchyma cells 
in the tertiary xylem elements were similar to those around secondary 
xylein elements." The areas of abnormal tissue in the subepidermal 
layers of collenchyma and adjacent epidermal cells varied from small, 
discolored cell groups to large areas in which a considerable number of 
cells had disintegrated. As in similar degeneration nearer the stem 
apex, such areas sometimes extended into and involved adjacent 
vascular bundles. Along the margin of the subepidermal lesions the 
cells were hypertrophied and intercellular deposits accumulatecL 
Farther away from the lesion small groups of proliferated cells were 
interspersed among the enlarged cortical cells. 

PATHOLOGICAL HISTOLOGY OF BORON-DEFICIENT CABBAGE 

The macroscopic symptoms of the boron-deficiency disease in cab- 
bage seedlings grown in sand-nutrient culture and in older plants 
growing in the field have been described by Walker, McLean, and 
Jolivetfe (SI). Marked histological abnormalities were found in both 
seedlings and headed plants of cabbage. In seedlings these were con- 
fined for the most part to vascular tissue except near the apical meri- 
stem and in expanding leaves. In plants grown in complete solution 
for 2 or 3 months before being placed in minus-boron solution and in 
those grown on boron-deficient soils, degeneration in the stem was 
confined to the pith, although the changes in the younger leaves were 
similar to those in comparable leaves in seedlings. In view of the 
difl‘erences in tissues most affected in seedlings and older plants they 
will be considered separately. The normal histology of root, hypo- 
cotyl, and stem of cabbage has already been described b}^ Smith and 
Walker Larson (16), and Havis (IS). 

Root, Hypocotyl, and Stem of Young Cabbage Plants 

In young plants the disorganization in the vascular system of 
boron-deficient plants was similar in root, hypocotyl, and stem. In 
all or part of the vascular ring the normal tabular cells were absent 
from the cambium. In their place was a zone of hyperplastic and 
hypertrophied cells, most of which were thin-walled and radially 
elongated (pi. 7, B, D). In some plants the cambial zone became 
several times the width of the normal vascular ring in the stem, and 
the entire ring at a given level was involved (pi. 7, B). In others 
abnormalities were present in only a portion of the vascular ring and 
the affected tissue was less hypertrophied. Frequently groups of 
discolored and crushed undifferentiated cells were found in the 
abnormal cambial zone, particularly near the xylem or phloem (pi. 
7, B, D). The first sign of such degeneration was a slight discolora- 
tion of adjacent walls of two or three cells and occasional brown 
intercellular deposits. At later stages the degenerated areas became 
quite large. In the center of the large areas the cells were discolored, 
or crushed and more of the brown deposit had accumulated. Near 
the margin, cells were only slightly discolored. The proportion of 
necrotic and crushed cells to enlarged and proliferated cells was often 
high when only a part of the bundles was affected. 
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Small groups of misshapen xylem elements were scattered through- 
out the major part of the abnormal cambial zone (pi. 7, D, and 8, A). 
This suggeks that much of the undifferentiated tissue was potentially 
xylem in uiature.- In some specimens a thin layer of' smal 1 cellswith 
dense contents was present near the differentiated phloem (pL 7, B). 
The fact that a few distorted phloem groups but no abnormal vessel 
segments were foimd outside this layer suggested that it was a non- 
functioning cambium. 

In boron-deficient plants there was less differentiated xylem and 
phloem tissue than in normal plants, and what there was tended to 
mature earlier. This was particularly noticeable in the early ligni- 
lication in the xylem and in pericycle fibers. A similar tendency for 
some cells to mature early in boron-deficient plants was noted in pea 
roots by Sommer and Sorokin (28), 

In the root and hypocotyl, a condition of hypertrophy, hyperplasia, 
and necrosis similar to that described for the vascular system was 
sometimes found in the periderm (pi. 7, D), 

Near the stem apex, abnormalities were sometimes found in the 
cortex and epidermis in addition to those in the vascular tissues. The 
affected areas in the cortical parenchyma contained enlarged cells 
and proliferated cells. Some brown deposits were present among the 
cells. In late stages some of the affected cells disintegrated. 

In the cortical, ray, and pith parenchyma cells of the remainder 
of the stem, the hypocotyl, and the root, starch accumulation, which 
may have been a direct or indirect effect of boron starvation, was 
noticed. This symptom was most noticeable in plants grown in the 
complete nutrient solution for 3 or 4 weeks before being placed in 
minus-boron solution, and was sometimes found when no other micro- 
scopic symptoms were noted. In all cases little or no starch was 
found in comparable normal plants fixed at the same time as the 
boron -deficient plants. 

Leaves of Young Plants 

When plants were grown from seed in minus -boron, sand nutrient 
cultures, the few leaves that developed were affected very early and 
therefore the effect of boron starvation could be studied on very young 
tissues only. However, when plants were supplied with complete 
solution for several weeks before being transferred to minus-boron 
cultures, successive leaves were at different stages of development 
when the supply of boron became inadequate. In these it was pos 
sible to compare the nature and extent of degeneration caused by 
boron deficiency in very young leaves with that in leaves at various 
stages of development. 

The most extensive degeneration in the leaf petiole was found in 
the vascular tissue. While abnormalities varied in magnitude with 
the age of the leaf, they were in nature similar at various ages. Most 
bundles in the larger vascular strands were not entirely separated by 
parenchyma rays as in normal petioles. Instead their xylem elements 
were merged into one solid core or arc. In extreme cases there was 
considerable horizontal elongation of the thin-walled cells among the 
differentiated xylem elements. Usually instead of a normal cambium 
between the layer of differentiated xylem and the phloem of each 
of the several bundles there dvas a zone of misshapen cells similar to 


rraiisectioiis from young cabbage plants. A, Normal stem. X 65. B, Boron- 
deficient stem; note layer of small cells suggestive of a degenerated cambium 
(indicated by arrow) and the small necrotic areas scattered through the zone 
of thin-walled cells in the cambial zone. X 33. C, Normal root. X 47. D, 
Boron-deficient root; note the thick-walled xylem elementb scattered in the 
abnormal tissue as indicated by a-rrow. X 23. 
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Plate 8 



LoiigisGctioitK from boron-starved cabbage. ^4, Hypocotvl of a young plant; 
note The distorted xylein elements (indicated by arrow) scattered in the undif- 
ferentiated tissue. . X 53. Stem of plant approaching head stage ; note that 
although there is evidence of cell division and enlargement near the vascular 
tissue at left, degeneration is confined to the central part of the pith. X 19. 
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but not so extensive as that found in the root and stem (pL 9, Z)). 
In some specimens the hypertrophy of the cells nep the xylem was 
greater than that in other cells in the undifferentiated zone. Fre- 
quently small areas of necrotic cells were found in the undifferentiated 
tissue (pi. 9, D): Occasionally a few misshapen xylem elements 
were found in the inner portion of the undifferentiated zone. In 
such cases the necrotic areas usually centered about these elements, 
ils in the root and stem, a layer of heavily stained cells, which appeared 
to be an abnormal cambial layer, was sometimes discernible in this 
area located a few cells inward from the differentiated phloem. A 
few misshapen degenerated cells resembling sieve tubes were found 
adjacent to the normal differentiated phloem. In the larger vascular 
strands the phloem of each bundle was usually separated from that of 
neighboring bundles by radial bands of parenchyma. 

In the cortical parenchyma starch grains were numerous. In 
regions where cross hatching occurred, necrotic and proliferated cell 
groups were found involving subepidermal and, to a lesser extent, 
epideimal tissues. 

As was found in the garden beet, degeneration occurred in some of 
the older, apparently normal leaves. In plants with macroscopic 
symptoms the histological changes occupied larger areas than in those 
in which symptoms were not visible. 

In a study of a limited amount of leaf-lamina material, changes 
similar to those in the petiole were found in the vascular tissue. In 
tliickened leaves of boron-deficient plants there was an increase in the 
size of some cells and in the number of cells present in the mesophyll. 
In it the cells appeared to be packed more tightly than in normal 
tissues. Chloroplasts were equal in size or slightly larger than those 
in normal plants. 

Older Plants 

The normal anatomy of plants grown for 3 or 4 months in complete 
nutrient solution and of plants transplanted into the field was similar 
to that of several-week-old seedlings except that more secondary 
tissue was present in the vascular ring and more pith in the stem of 
the older pknts and the cortex was wider. In some specimens a 
2- or 3-mm. core of tissue in the center of the pith was water-soaked 
or green. Cells in this area, however, showed no evidence of de- 
generation. 

When the boron supply became inadequate for older plants which 
had not yet headed, symptoms similar to those in leaves of boron- 
starved younger plants were sometimes present in the outer leaves. 
However, the major degeneration, internal necrosis, appeared in the 
central part of the pith throughout the stem and upper hypocotyl, 
regions in which no symptoms except starch accumulation appeared in 
younger cabbage plants. In studies of a. limited number of larger 
mots of older plants, no apparent abnormalities were found. For 
this reason histological studies on that portion of the plant have been 
left for a later investigation. 

In the pith microscopic changes involved a slightly larger area 
than the macroscopically visible symptoms. In plants transferred to 
a boron-deficient solution after having grown in complete solution for 
2 or 3 months, a greater proportion of the pith was involved, than in 
normal plants transplanted into boron-deficient fields. Nevertheless, 
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the changes were the same except that there were fewer cells with 
thickened walls in the pith of the plants grown in sand culture (p. 8, 
5, and 10, B). At and near the margin of the affected pith, isolated 
groups of abnormal cells were found, while near the center the majority 
of the cells were abnormal (pi. 10., B), The marginal cell groups usually 
occupied an area which was roughly spherical. These areas contained 
several types of abnormal tissue arranged in a fairly consistent pattern 
(pi. 10, "O, D). In the center of the degenerated tissue were thick- 
walled cells which sometimes contained deposits of a brown material. 
In larger areas some of these cells were crushed or disintegrated. 
Scattered among or surrounding these was a zone of large cells some 
of which had partly thickened walls. Others had thin cross walls. 
Such cells were similar to those first described except that degeneration 
had not progressed so far. The size of this zone varied but was roughly 
proportional to the size of the affected area. The walls of most of 
these cells and of the other thick-walled ones in the abnormal tissue 
took safranine when the safranine and fast-green stain were applied. 
All other pith cells took fast green. 

Surrounding the zone of large cells in the more extensive degenerate 
areas was one of small, thin-walled, rapidly dividing cells which in 
some cases entirely; walled off the inner tissue. Intermingled with 
and surrounding this layer was a one- or two -cell zone of sclerotic cells 
(pi. 10, D) which had scalariform, reticulate, or pitted walls. Prolifera- 
tion sometimes occurred just outside this zone, but the daughter 
cells were nearer normal size than in the hyperplastic tissue near the 
center of the disorganized area. Some of the isolated abnormal cell 
groups later coalesced. In such cases it was difficult to make out 
distinct patterns. In the central portion of affected pith tissue the 
several types of cells mentioned were intermingled in random fashion 
(pi. 10, B), It is probable that such a case represented several ’coa- 
lesced groups of abnormal cells. Occasionally islands of normal 
parenchyma cells, similar to those in the pith of the floral stem of 
garden beet, were found. 

DISCUSSION 

The pathological changes in boron-deficient cabbage and garden 
beet have many points in common. The greatest degree of break-down 
in beets at all stages and in cabbage in early development was found in 
those regions in which cell division and tissue differentiation were 
most active. The reactions appeared to be intimately associated with 
cell metabolism rather than with a particular tissue. In beet seedlings 
in which secondary thickening had just begun the principal break-down 
was in phloem cells. In those in which tertiary thickening had begun 
degeneration was in the xylem as well as in the phloem of differentiated 
rings. In somewhat older “taproots'" most necrosis was found in 
rings in which early differentiation was under way, less in the next 
older rings, and none in the oldest rings. In young cabbage plants the 
chief abnormalities in root and stem were also found in the" differentiat- 
ing vascular tissues. The greatest difference in the reaction of cabbage 
as compared with that of beet was found in the older plants in which 
the head had developed. Even though there was still meristematic 
activity in the yascular tissue, disorganization was confined almost 
entirely to the central portion of the pith. 
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Traiisections fiom cabbage petioles. A, Normal petiole. X 30. B, Boron- 
deficient petiole. X 24. C, Enlargement from A. X 140. D, Enlargement 
from B; note the abnormal cells and necrotic areas in the undifferentiated 
tissue and the position of the differentiated xylem as compared to that in C. 
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C'f'utral part of pith of headed cabbage. A, Transection from a normal plant, 
X 35. B, Longisection from a boron-deficient plant; note the thick- walled 
cells at lower margin of small degenerate area in upper right of photograph and 
proliferation and deposit accumulation in tissue at left of photograph. X 21. 
C, Transection from boron-deficient plant at margin of degenerate pith area, 
X 28. i), Small degenerate area adjacent to C; note the cross walls in cells in 

the center of the area and the wall thickenings (indicated by arrow) in the 
surrounding ring of cells. X 120. 
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It was evident in roots, stems, and leaves of both species that micro- 
scopic abnormal development occurred in advance of macroscopic 
symptoms and that the former was usually more extensive than could 
be recognized macroscopically. It was also to be noted that micro- 
scopic changes occurred which did. not progress to the point where 
macroscopic symptoms became visible. Sudden severe manifesta- 
tions of disease thus may often have been preceded by slow, pro- 
tracted invisible degeneration. Factors such as increased moisture 
and temperature favorable for sudden increases in growth rates of 
these plants would then contribute to a sudden appearance of extensive 
visible disease symptoms. 

The details of histological changes, though often varied in their 
grosser macroscopic manifestations, usually followed a fairly uniform 
pattern. Cell wall discoloration, hyperplasia, and hypertpphy were 
all common initial cellular reactions in thin-walled differentiating 
tissue. As death of a group of cells occurred, increased cell division 
or cell growth commonly followed in the vicinity of the dead cells. 
This often led to islands of pathologic tissue as noted in the pith of 
maturing cabbage. Where continued cell activity predominated, as 
in beet roots and young cabbage stems, normal differentiation of 
vascular elements was checked. In other cases abnormal differentia- 
tion of thick-walled cells appeared as in cabbage-pith lesions. It is 
thus evident that the fundamental effect of boron deficiency in both 
species is one of disturbance of growTh-regulation processes, while 
the course of events following the initial response varies with the 
tissues concerned. 

The picture of pathological histology indicates strongly that boron 
is particularly important in the metabolic processes concerned in 
cell division and tissue differentiation. It may also be of peculiar 
value to the development of storage tissue. One of the physiological 
characteristics of boron pointed out previously (SO) is its ready 
mobility in the plant when first introduced and its tendency to become 
immobile rather rapidly in the tissue. 

The first pathologic effects of boron deficiency, then, may be con- 
sidered physiological, exhibited locally by disturbance of growdh 
relations and manifested by both hypertrophic and hyperplastic cell 
reaction. Necrosis follows and byproducts released from dead or 
dying cells may then also become factors influencing cell growth. 
General physiological effects follow' through disturbed tissue differ- 
entiation and function. Abnormal organization of the xylem and 
phloem with reduced amounts of elements adapted to translocation 
leads to an accumulation of sugars in developing beet leaves and con- 
sequent excessive formation of pigment. Further vascular disloca- 
tion leads to stunted growth in tissues normally supplied by the xylem 
and phloem concerned. Thus boron deficiency commonly leads to 
such general effects as stunting, malformation of organs, nnilateral 
growth, and death. Furthermore, mild shortage of boron insufficient 
to produce macroscopic symptoms may lead only to microscopic 
injury to transporting tissue. It is in such instances that the appli- 
cation of borax to growing crops commonly results in increased growth, 
which is reflected in greater yields, even though deficiency symptoms 
do not appear in untreated controls (SO). 
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SUMMARY 

Tliis investigation comprises a study of histological changes which 
occur in garden beet and cabbage grown with a deficiency of boron in 
the nutrient supplied to greenhouse sand culture^ and under natural 
conditions in the field. 

In beet root and hypocotyl the first sign of disease in young seed- 
lings is in the contents of certain phloem cells and occasional hyper- 
trophy of cambial cells. In slightly older plants degeneration appears 
in primary and secondary xylem as intercellular brown deposits, 
accompanied by distortion of cells. Groups of disintegrated cells are 
frequently surrounded by a border of proliferating cells which may 
involve one or more bundles, thus giving rise eventually to macroscopic 
necrotic areas. In roots which are somewhat older when the defi- 
ciency of boron becomes acute, the most severe necrosis occurs in 
the tertiary ring or rings most active in differentiation at the time. 

Abnormal development in beet leaves also centers in the bundles of 
the petiole. It is found commonly in old leaves which were normal 
macroscopically and in which it has occurred too late to influence 
gross morphology. In younger leaves the magnitude of histological 
change is in direct proportion to the severity of external symptoms. 
In petioles of unilaterally developed leaves the bundles on one side 
show slight, if any, pathological change while those on the other side 
have undergone extensive degeneration. Cell enlargement and pro- 
liferation extend to the mesophyll and spongy parenchyma of the 
leaf lamina. 

In the floral axis, proliferation of cells occurs in the cambium and in 
the pith. Necrotic areas occur in the pith and in the vascular region 
of secondary and tertiary rings and are sometimes connected with 
similar regions in the cortex, where the lesion occasionally involved 
epidermal cells. 

In young cabbage plants extensive proliferation of colls in the region 
of the cambium of root, hypocotyl, and stem results in a band of 
rneristematic tissue several times the usual width of the undifferenti- 
ated zone between phloem and xylem. There is correspondingly less 
differentiation of vessels and phloem elements. N ecrotic areas develop 
in this undifferentiated area. Abnormalities are to be seen occasion - 
ally in the cortex of the stem apex but necrosis in the pith is rare until 
the plant has approached the head stage. When boron deficiency 
symptoms appear in the field they are usually confined to this region. 
In cabbage leaves disturbances in differentiation of the vascular 
bundles in petiole and lamina are the chief evidences of the disease. 

In both species the shortage of boron appears to affect chiefly the 
metabolic processes concerned in cell division, cell differentiation , and 
possibly storage. The initial reaction of cells is seen in cell-wall dis- 
coloration, discoloration of cell contents, excessive cell division, and 
abimrmal enlargement. Necrotic areas which follow are made up of 
disintegrated cells which are often surrounded by a region of abnor- 
mally acLive tissue consisting of hyperplastic cells, hypertrophied cells, 
and sometimes peculiarly differentiated ones. 

The pathological histology of internal black spot of garden beet 
and internal breakdown in the pith of cabbage is the same in nutrient- 
grown and field-grown plants. In both species extensive histological 
changes occur before macroscopic symptoms appear. 
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INTRODUCTION 

The American species of grasses belonging to the maize tribe 
(Tripsaceae) and at least one oriental member of the tribe, Coix 
lacryma-jobi L., have greatly elongated mesocotyls (epicotyls) when 
their seedlings are grown in the dark under suitable conditions of 
moisture and temperature. 

With the object of utilizing the very open scale afforded by the 
mesocotyl as a measure of the growth substance and hence possibly 
the growth potentialities of the plant, a long series of experiments 
has been conducted to determine the effect of temperature and of 
various radiations of known wave length and energy upon the elonga- 
tion of the mesocotyl. 

Difficulties were encountered in producing uniform effects with 
given treatments, and it was soon found that for comparative results 
there must be a rigid control of all environmental conditions. Slight 
variation in temperature, above or below the optimum, produced 
measurable effects and, in the case of wave-length studies, slight 
variations in energy resulted in detectable responses. 

In these studies the seedlings were grown in sterilized sand which, 
with washing and sterilizing, was used repeatedly. Lack of agree- 
ment between repeated experiments and excessive variability of sub- 
groups within experiments compelled increasing refinements in control 
of conditions of growth and led eventually to a study of the effect of 
the solution upon developing seedlings. 

In considering the effect of culture solutions, it should be kept • 
clearly in mind that, although both cell expansion and division are 
involved, there is no growth in the sense of an increase in dry matter 
over that supplied by the material stored in the seed. The seedlings 
were in total darkness from the time of planting until they were finally 
measured, and therefore there was no photosynthesis. The experi- 
ments reported here were concerned only with those processes that 
ordinarily take place before the plumule reaches the soil surface. 


ELONGATION OF MESOCOTYL 


EFFECT OP TAP WATER AND COMPLETE CULTURE SOLUTION AT VARIABLE 

TEMPERATURE 


The first test of the effect of the culture solution was a comparison 
of the length of mesocotyl obtained in tap water with, that produced 
by an equal quantity of Eaton’s (S) ^ solution modified by increasing 
t he monop otassium phosphate (KH2PO4) from 3 to 30 gm. for 100 
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liters. This experiinent involved 40 cans, each containing 520 gm. of 
oven-dry sand moistened with 110 cc. of solution or tap water. Each 
can was planted with 15 seeds of Funk Yellow Dent Corn {Zea mays 
L.). The entire set was arranged in a space of 2 by 3 feet in 5 blocl^s, 
each containing 4 replications of each solution. The replications 
within blocks were paired, randomized as to position within and 
between blocks. The entire set was grown in an air-conditioned 
room where the maximum temperature had an upper limit at 80*^ F. 
but the minimum temperature was permitted to drop to 70°. The 
seeds were planted September 28, and the plants were measured 
October 5, 1939. Only the lengths of mesocotyls were recorded. The 
mean length for plants grown in tap water was 99.61 ±3.35 mm. and 
for those grown in the culture solution 124.75 ±3.41 mm. The vari- 
ance, apportioned on the basis of individual plant measurements, is 
shown in table 1. 


Table 1. — Analysis of variance based on length of mesocotyl of individual plants 


Source of variation 

Degrees of 
freedom 

Mean 

sfjuare 

Source^ of variation 

Degrees of 
freedom 

Mean 

square 

1 

1'’otal 

575 

3, 584.59 

1 7,330.82 

1 16, 783. 20 

i 

Within subgroups 

15 

4, 810. 19 
‘ 90, 969. 45 
3,298.87 

2-can groups 

19 J 

Solution - 

1 

8-caii subgroups 

■ ' 4 

Error 

555 



1 


1 P<().01. 


From this analysis it is evident that the culture solutions were 
associated with differences in length of mesocotyl. 


EFFECT OF TAP WATER AND FIVE SALT SOLUTIONS AT VARIABLE TEMPERATURE 

The second test of the effect of culture solutions involved six 
solutions, one being tap water and the others as follows: 


Grams per 

Complete solution : ^ ioo liters 

Ca(N03)2±4H20,_,. 94 

KNO 3 30 

(NH4)2S04 27 

MgS04±7H20.---- 49 

KH 2 PO 4 .- 30 

No potassium: 

Ca(N03)2±4H20„_-__.„.-- 163. 8 

(NH4)2S04 26. 4 

MgS04±7H20 49. 0 

Na2HP04±12H20-- 68. 4 
No magnesium: 

Ca(N03)2±4H20 93.6 

(NH4)2S04 26.4 


1 Eaton’s solution modified. 


Grams per 


No magnesium — Continued. 100 liters 

KNO 3 30.3 

KH 2 PO 4 27. 4 

CaS04±2H20 34.4 

No calcium: 

(NH4)2S04-.- 26.4 

KNO 3 - 70. 7 

KH 2 PO 4 — ----- 27.4 

MgS04±7H20. 48.8 
No ammonium: 

Ca(N03)2±4H20.--- ------ 117.0 

KNO 3 50. 5 

MgS04±7H20__ 48. 8 

KH 2 PO 4 - — ------- - 13. 7 


In all these solutions the minor salts, as given by Eaton, were 
added. The experiment was set up with 96 cans, each containing 
520 gm. of sterilized oven-dry sand moistened with 120 gm. of solution 
and planted with 15 seeds of Funk Yellow Dent corn. The cans 
were arranged in 16 blocks, each block containing 1 can of each 
solution. The arrangement of the solutions within the block was 
random. The experiment was located in the air-conditioned room 
used in the first test and the entire block of cans was covered with 
a tarpaulin to minimize wanton air currents that might produce 
variable temperature. The' cans were, planted December 1, , and 
measurements of mesocotyl length were made on December 4.1,' 1939. 


Mar. 1, 1943 


Efed of Nutrient Solutions on Maize Seedlings 


185 


The apportioned variance on the basis of individual plants is given 
in table 2. 

Table 2. — Analysis of variance based on length of mesocoUjl of individual plants 


Source of variation 

Degrees of 
freedom 

Mean square 


1,374 

15 

5 

1.354 

1,582.90 

1,108.45 

1 K), 920. 92 
1, 555. 29 




... 


1 P<0.01. 


Obviously the culture solutions were associated with differences 
in mesocotyl length. The mean length of mesocotyl for each of the 
six cultures is given in the following tabulation. 

Mean length Mean length 

of mesocotyls of mesocotyls 

Solution: (mw.) i Solution — Continued, (mm.) ^ 

Tap water 154. 77 No naagnesium 167. 64 

Complete solution. 164. 44 No calcium 156. 11 

No potassium 161.95 No ammonium 172.92 

1 .TOifferonces between means less than 7.56 mm. are not significant. 

The mesocotyls produced in tap water are significantly shorter 
than those from any culture except that lacking calcium. The com- 
plete solution and the solutions lacking potassium or magnesium 
produced mesocotyls of comparable length, but omitting ammonium 
sulfate tesulted in a definite increase in length of mesocotyl. The 
mesocotyls in this test were much longer than those of the first test, 
but this second experiment ran 3 days longer. 

EFFECT OP TAP WATER AND SEVEN SALT SOLUTIONS AT VARIABLE TEMPERATURE 

The third experiment repeated the second, with the addition of 
two solutions, one lacking both calcium and ammonium, the other 
containing only calcium salts. The composition of these new solutions 


was as follows: 

Grams per 

Grams per 

No calcium or ammonium: 

100 liters All calcium: 

100 liters 

NaNOa 

46. 6 CaS04+2H20 

103.8 

■KNOs- 

50.5 Ca(N03)2 + 4H20,._„- 

163.8 

KH2PO4— - 

13.7 


MgS04+7H20 

48.8 



The experiment was set up in 96 cans, 12 for each of the 8 culture 
solutions. Each can contained 600 gm. of oven-dry sand moistened 
with 120 cc. of solution and planted with 20 seeds of Funk Yellow 
Dent corn. The cans were arranged in 12 groups, each group con- 
taining 1 member of each solution. The cans within groups tvere 
randomized, as were the positions of the groups. Seeds were planted 
December 28, 1939, and the experiment was terminated January 8, 
1940. The location was identical with that of the previous experiment. 

The apportioned variance on the basis of individual plants is given 
in table 3. 


Table 3. — Analysis of variance based on length of mesocotyl of individual plants 


Source of variation 

Degrees of 
freedom 

Mean square 

Total--.-- " 

1,848 
■ 11 i 

7 ! 

1, 747. 82 
t 3.51 33 

Replicates,.., 

Solution,,, ■ ' 

i-j oox* 00 

1 4 oon 

■Error ,■■ ■ ^ ! 

1, 830 

Tjj C/OU« <70 


Xj < oo» uo 


‘ iXO.OI. 
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The effect produced by the solutions, although not as pronounced 
as in the previous test, is clearly significant. The mean length for 
each of the eight cultures is given in the following tabulation: 

Mean length of Mean length oj 

Solution: mesocotyl {mmV Solution — Continued. mesocotyl 

Tap water 170.16 No calcium 168.45 

Complete solution.-^-- 177.72 No ammonium. 175.92 

No potassium. 172. 19 No calcium or ammonium. 165. 87 

No magnesium 175.72 All calcium 178.59 

I Differences between means less than 7.78 mm. are not significant. 


It is evident that the maximum elongation of the mesocotyl is 
dependent upon calcium and is not greatly affected by any one of the 
other salts in the solutions used. The differences in length of meso- 
cotyl between this test and the preceding one can be charged only to 
the temperature variation, as the growing period in both cases was 11 
days. 

ELONGATION AND DRY WEIGHT OF SEEDLING PARTS 

EFFECT OF DISTILLED WATER, TAP WATER, AND THREE SALT SOLUTIONS AT TWO 
CONSTANT TEMPERATURES 

The evident interaction of temperature and solution made it desir- 
able to test the effect of the culture solutions under different tempera- 
tures and with more rigid temperature controls. 

Two chambers were available, operating at uniform temperatures, 
one at 72°±1® F., the other at 85°±2*^. These two temperatures 
are about equidistant from the optimum of 78*^ found for mesocotyl 
elongation. 

Five cultures were used, namely, distilled water, tap water, Eaton^s 
solution as given on page 184, this same solution at doubled concen- 
tration, and the calcium solution given on page 185. The seeds were 
planted in cans holding 600 gm. of oven-dry sand moistened with 120 
cc. of solution. Ten seeds were planted in each can through a per- 
forated disk resting on the surface. This latter was used to permit 
excising the seedlings at the surface free from sand so that dry weights 
could be obtained. The total lengths of mesocotyls, therefore, as 
given in this test are shorter by 2 cm. more or less than their actual 
lengths because of the section left in the sand. 

Ten cans of each culture were planted at each temperature and 
randomized within temperatures. They were not disturbed from the 
time, of planting until the plants were measured. The series at 72° F. 
was grown for 12 days and that at 85° for 10 days. 

' Three measurements of length were made on each seedling, namely, 
length of mesocotyl, coleoptile, and leaves. The sum of the lengths 
of mesocotyl and leaves gives the total seedling height. Oven-dry 
w^eights of the total product of each can were obtained separately 
for the mesocotyls and for the leaves, including the coleoptiles. 

In order to eliminate unequal frequencies, only the means of cans 
were used in analyzing the data, as germination was not perfect 

The variance was apportioned for each of the three measurements 
of length and for three measurements of weight, namely, weight of 
mesocotyl, weight of leaves and coleoptile, and weight per meter of 
mesocotyl. 

The means for the several seedling parts in the different cultures at 
the two temperatures are given in table 4. 


Table 4.— Mean lengths and weights of seedlings and parts of seedlings groton in the dark in various media and at different temperatures 
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Mean oven-dry weight, at temperature shown (° F.), of— 

Seedling 

0 

00 

00 IN cD 05 CO 
i-t IN lO 05 

^ UO CO 

g o O O O O 

‘ • 

.004 

o 

cs 

Gm. 

0. 0477 
.0545 
.0583 
.0660 
.0491 

Weight per 
meter of 
mesocotyl 

S:) 

00 

locc CC 05 ^ 

• o >“1 05 05 05 
gSrHOOO 

C5d ' ' • • 

.0150 

& 

05'<#< 05CO oo 

• rtl »0 N ri T-l 

S T-H rH rH tH 1-1 

i^o ’ ' • ‘ 

Leaves 

00 

Gm. 

0. 0265 
.0269 
.0346 
.0409 
.0256 

.0052 

0 

cs 

IN. 

Gm. 

0. 0306 
.0359 
.0427 
.0506 
.0335 

Mesocotyl 

0 

lo 

00 

CC 00 0005 
iOCO ko CO 

o o o o o 

o 

.0030 

0 

Gm. 

0. 0171 
.0186 
.0156 
.0155 
.0154 

Mean length, at temi^erature shown (° F.) , of— 

Seedling 

o 

00 

Mm. 

280.6 

288.1 

322.2 

335.8 

287.5 

23.6 

s 

Mm. 

259.6 

282.2 

312.4 

335.9 

284.0 

Leaves 

So 

00 

Mm. 

135.4 

147.6 

182.7 
183.2 
141.9 

25.4 

o 

i 

Mm. 

144.7 

161.9 
191.2 

201.9 
154.1 

Coleoptile 

o 

»X0 

00 

Mm. 

56.6 
56,4 
61.0 
68.1 

58.6 

oo 

Si 

.rfiiN 05 COO 

S d d rJ (N 05 
wo lo CO tN o 

Mesocotyl 

00 

Mm. 

145.2 

140.5 

139.5 
152.7 

145.6 

13.48 

0 

(M 

IN 

Mm. 

114.9 
120,2 
121.3 
134.0 

129.9 

Culture 

Distilled water 

Tap water .. _ 

Eaton's __ - 

Eaton's X2 _ - 

Calcium 

Difference required for significance 
(P=0.01) - - 
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The measurements and figures 1 to 8 show that the temperatures 
were only partly equalized by the time differential. The analyses of 
variance (table 5) show significant temperature effects for all measures 
other than length of leaves and coleoptiles. The only significant 
interaction of culture with temperature is that for the weight per 
meter of mesocotyl. The mesocotyls grown in salt solution at 72° F. 
are relatively lighter in weight per unit length than those grown in 
the same solutions at 85°. 


Table 5. — Analyses of variance based on means of 120 cans of 10 seedlings 
for the seedling parts shown 


Source of variation 

Degrees 

of 

freedom 

Mean square 

Length 

1 

Weight 

Mesocotyl 

Coleoptile 

Leaves 

Mesocotyl 

Leaves 

Per meter 
of 

mesocotyl 

length 



Mm. 

Mm. 

Mm. \ 

Gm. 

Gm. 

Gm. 

Total 

119 

323,84 

63.39 

1,309.31 

0.00001 

0.00009 

0. 00060 

Temperature 

1 

1 11,197.29 

14.62 

1,894.09 

1 .00007 

1 .00151 

1 .02600 

Culture. 

5 

2 611.37 

1 608.68 

1 12, 760. 55 

1 . 00003 

1 .00109 

1 .00300 

Interaction 

5 

220.07 

20.55 

566.76 

.00001 

.00003 

1 .00100 

Error 

108 

214.65 

29. 56 

808.13 

.00001 

. 00003 

.00028 


J P<0,01. 
2 P<0.05. 


Interactions of temperature and culture could be expected in this 
experiment only if the 2 days^ difference in growth period allowed 
between the two temperature groups failed to equalize the tempera- 
ture differential. The only possibility for a temperature effect 
independent of time would be in case of threshold effects, and these 
could hardly be expected with the temperature range used. 

The entire experiment was somewhat disappointing in efficiency, 
since differences between pairs of means of less than 10 percent could 
not be established for most measurements. In the case of the weight 
of mesocotyl per unit length, differences of less than 20 percent be- 
tween means of treatments are of questionable validity. 



LENGTH (MILLIMETERS) 
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Figuee 1. — Mean length of mesocotyls of maize seedlings grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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72 “ 85 * 72 * 85 * 72 * 85 ° 72 * 85 * 72 * 85 * 



SOLUTION AND TEMPERATURE (*F.) 


Figure 2. — Mean length of coleoptiles of maize seedlings grown in five cultures 
(p. 186) in the dark at 72 ^ and 85® F. 



SOLUTION AND TEMPERATURE (*E) 


Figure 3. -Mean length of leaves of maize seedlings grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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SOLUTION AND TEMPERATURE CF.) 


Figure 6. — Mean oven-dry weight of leaves of maize seedlings grown in five 
cultures (p. 186) in the dark at 72° and 85° F. 
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SOLUTION AND TEMPERATURE (“E) 


Figuke 7. — Mean oven-dry weight per meter of mesocotyls of maize seedlings 
grown in five cultiares (p. 186) in the dark at 72° and 85° F. 
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SOLUTION AND TEMPERATURE (T) 

Figure 8. — IMeari oven-dry weight of entire seedlings of maize grown in five 
cultures (p. 186) in the dark at 72° and 85° F. 


Temperature Effects 

With all the cultures the length of the mesocotyl at the higher 
temperature was significantly greater than the length at the lower 
temperature for the corresponding culture. There was no tempera- 
ture effect on length of coleoptile or tops or on total length. 

There was a temperature effect on weight of mesocotyl such that the 
mesOeotyls at the lower temperature were .the heaviest, and this was 
true al^o for the weight of tops, which was significantly greater at the 
lower temperature in all the cultures except the distilled water. 

In all cultures the weight per meter of -mesoc was greater at 
the lowest temperature, and in every case -the entire plants weighed 
more at the lowest temperature. ‘ ■ - 

The entire plant at this stage weighed 'approximately 15 percent 
of the dry weight of the seed when planted! " 

Solution Effects 


Taking the plants in distilled water as the base, the following facts 
are demonstrable: 

(1) At the lower temperature the cultures in the concentrated solution and in 
the calcium solution have significantly longer mesocotyls. 

(2) At the higher temperature there are no significant differences in mesocotyl 
length. 

(3) At both temperatures the coleoptiles are significantly longer in the two 

complete solutions. . 

(4) At both temperatures the tops are significantly longer in the two complete 

solutions. , 

(5) At both temperatures the entire seedlings are significantly taller in the two 

complete vsolutio ns. xw 

(6) At neither temperature are the weights of mesocotyls affected by the 

solutions. . _ ' . ,, 

(7) At both temperatures the weights of tops are significantly greater in the 

two complete solutions. . . 

(8) At the lower temperature the weight per meter of mesocotyl is significantly 

less in the two complete solutions and in the calcium solution. 
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(9) At the lower temperature the seedlings grown in tap water and in the two 
complete solutions are significantly heavier. 

(10) At the higher temperature only the seedlings grown in the concentrated 
solution are significantly heavier. 

From the above results, it is apparent that the two complete s()lu- 
tions have a profound effect on the elongation of the maize seedling 
growing without light and on the transfer of stored material from the 
seed. This effect is greater at temperatures below the optimum. On 
the other hand, it is equally apparent that except for the size of meso- 
cotyl the active element in the complete solution is not calcium. 
Calcium, however, appears to be the activating element in mesocotyl 
lengths, as indicated by the total length and the reduced weight per 
meter. This suggests that the role of calcium, insofar as it affects 
this organ, is one of stimulation of elongation rather than the speeding 
up of the translocation of stored material from the endosperm. 

It may be concluded that, although calcium in the solution will 
insure the complete elongation of the mesocotyl, the other salts present 
in the complete solutions are needed for the greatest development of 
the plant parts above the mesocotyl. 

From the reactions at the two temperatures it may be concluded 
that the function of the salts in the solution is to speed the transfer of 
stored material to the leaves. 

EFFECT OF DISTILLED WATER AND COMPLETE CULTURE SOLUTION AT CONSTANT 

TEMPERATURE 

Although it has been shown by the three previous experiments that 
seedlings grown in culture solutions in the dark are larger than those 
grown in distilled water, the possibility remains that the solutions do 
not increase the ultimate size of the seedlings but act merely as ac- 
celerating agents, speeding the transformation of the stored starch and 
the translocation of the resulting sugars from the endosperm to the 
seedling. It was not prp,cticable to prolong the experiments until all 
seedling growth had cefi.^ed, because of the break-down of tissue from 
decay; therefore, in the experiments thus far conducted, if the solu- 
tions increased the rate of translocation, this would be reflected as an 
increase in the size of tjre seedling. 

As a preliminary investigation of the effect of solution on the speed 
of seedling growth, the following experiment was started June 14 in a 
chamber operating at a constant temperature of 72° F. In this ex- 
periment 24 soil cans were used, each containing 575 gm. of coarse, 
oven-diy sand, the particles of which passed a yn-inch sieve and were 
caught on a Ks-inch mesh. 

Each can was planted with 20 seeds of Funk 1939 stock, but the 
weights of this seed were not obtained. After planting, 12 cans were 
wet with 110 cc. of Eaton’s solution at twice the published concentra- 
tion, and 12 were wet with 110 cc. of distilled water. The cans were 
then covered with tin tubes and placed in the 72° F. chamber. Be- 
ginning on June 19, 5 days after planting, 2 cans from each solution 
were removed at random daily with the exception of June 23 (Sunday), 
giving 6 samplings. Measurements were recorded for mesocotyls, 
coleoptiles, and tops. These parts, as products of single cans, to- 
gether with the roots, were oven-dried separately and weighed. The 
data are given in table 6, and shown graphically in figures 9 to 16. 
The analyses of variance are given in table 7. 



Table 6 . — Mean lengths and weights of seedling parts grown in the dark at a constant temperature of 72° F. in the media indicated 
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Table 7, —Analyses of variance based on means of ^4 cans of BO seedlings for the 

seedling parts shown 

I Mean square 


Length Weight 


Source of 
variation 

Degrees 
of free- 
dom 

Meso- 

cotyl 

Coleop- 

tile 

Leaves 

Meso- 

cotyl 

Leave.s 

Roots 

Seed 

resi- 

due 

Total 

recov- 

ered 

dry 

matter 

Wqjigbt 
per 
meter 
of meso- 
cotyl 

TotaL- 

23 

1, 698. 27 

440. 09 

3, 404. 33 

0. 000027 

0. 00438 

0. 000023 

0. 00190 

0. 000491 

0. 000981 

Culture 

1 

185. 76 

J 1,053.37 

1 14.710. 91 

1.000030 

1. 00168 

. 000003 

1. 00246 

. 000201 

1.002380 

Time 

5 

1 7,578. 32 

1 1,718. 90 

1 10,321. 79 

1.000110 

2. 00091 

1.000096 

1. 00757 

1.001891 

1.003719 

Interaction 

5 

47. 22 

1 68. 42 

1 2, 159. 60 

.000002 

. 00024 

1.000006 

2. 00042 

. 000129 

. 000072 

Error 

12 

62. 23 

11.02 

98. 47 

.000003 

. 00022 

. 000001 

. 00010 

. 000083 

.000102 

1 P<0.01. 

2 P<0.05. 

The effect of the culture 

solution was 

5 greatest on the tops 

. At 


the termination of the experiment, the dry matter in the tops was 
at its highest point, and this is true also for the length of tops, while 
the plants in distilled water had attained their limit. 

There was no demonstrable effect of the culture solution on weight 
of roots. 

In conformity with the effect of solutions on seedling parts, the 
seed residues show that the culture solution accelerated the trans- 
location of material from the seed and removed a greater total amount. 

In weight per meter of mesocotyl the culture solution produced 
plants with less dry matter for unit of length in this organ. The 
ratio of dry matter to unit length declined with length, and therefore 
with time. Apparently increase in length is at least partly at the 
expense of diameter. 

The measurements show that the experiment continued until 
the mesocotyls had begun to shrink in length and lose in w^eight. 
It is apparent that the culture solution used accelerated the elonga- 
tion of the mesocotyl but did not increase its final length, and the 
numbers w'ere too small to establish the significance of this interac- 
tion. On the other hand, the solution not only hastened the elon- 
gation of coleoptiles and tops, but it also resulted in an increase in 
their final length. Evidently the seedlings in the distilled water 
had reached their final size before the conclusion of the experiment, 
which would indicate that the salt solution facilitated the translo- 
cation of the stored products from the seed. It is possible that in 
distilled water the loss of solutes from the seed to the solution becomes 
a limiting factor on further translocation. However, other experi- 
ments show that the loss of dry matter to the solution is only about 5 
percent more in the distilled water than in the solution. 

At every sampling date after the first, the dry matter in the meso- 
cotyls of seedlings grown in distilled water exceeded that of seedlings 
grown in the solution. By the third sampling date, the mesocotyls 
of seedlings growm in the solution had reached their maximum dry- 
matter content and declined from then on, probably because of the 
drain made by the rapidly growing tops. 
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Figure 9. — Increase in length of mesocotyls of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 10.- — ^Increase in length of coleoptiles of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 11.— Increase in length of leaves of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 12. — Increase in weight of mesocotyls of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton's solution at double concentration. 
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Figure 13.~Increase in weight of roots of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton's solution at double concentration. 



Figure 14.^ — Increase in weight of leaves of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figuke 15. — Decrease in weight of seed residue of maize seedlings grown in the 
dark in two cultures at a constant temperature of 72° F. Solid line, distilled 
water; broken line, Eaton’s solution at double concentration. 



Figuke 16. — Decrease in weight per meter of mesocotyl of maize seedlings grown 
in the dark in two cultures at a constant temperature of 72° F. Solid line, 
distilled water; broken line, Eaton’s solution at double concentration. 
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EFFECT OF DISTILLED WATER AND TWO SALT SOLUTIONS AT TWO CONSTANT 

TEMPERATURES 

In view of tlie conclusions drawn from the preceding experiment, 
it was desirable to repeat the test on a larger scale. Three cultures 
were used, namely, distilled water, the complete solution given on 
page 184 at double concentration, and the calcium solution given on 
page 185 at double the concentration. The two chambers used in the 
experiment described on page 186 were used, but the temperatures 
were 69° and 90° F. Thermograph records kept during the experi- 
ment show these temperatures to have been maintained with a high 
degree of uniformity. 

The seedlings were grown in tin soil cans, 10 weighed seeds of Funk 
Yellow Dent corn in each can. The cans contained 550 gm. of oven- 
dry crushed coarse quartz moistened with 110 cc. of solution. The 
seeds were random samples from a large mixed lot weighed in 10 seed 
groups and assigned at random to the cans. Analysis of variance 
showed that the random arrangement had been achieved- Thirty 
cans of each solution were planted at each of the two temperatures. 
Within each temperature the cans were randomly arranged. The 
seeds were planted January 8, 1941, and 5 days after planting 5 cans 
were sampled from each solution at each temperature every 24 hours 
for 6 days thereafter. The seedling parts of the individual seedlings 
were measured and washed free of quartz particles, after w^hich the 
products of each can were dried at 100° C. and weighed. The weights 
were not made on an individual-plant basis but on the product of an 
entire can of 10 seedlings. 

The results are shown in table 8, and the apportioned variances are 
given in table 9. The measurements show that 90° F. is too high a 
temperature for the sampling system followed. For comparable, 
useful thermal units, the growth thermometer might be thought of as 
covering that section of the Fahrenheit scale lying between 50° and 
120°. For equal seedling sizes at temperatures of 69° and 90°, 
sampling of the 90° cultures should be at intervals one-half the 
length of those at 69°; for example, where the 69° culture was sampled 
5 days after planting, sampling of the 90° culture should have started 
at2K days. 
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See footnote at end of table. 


temperatures^ and in 3 culture solutions ^ — Continued 



1 Dist. HjO^ distilled water; E. sol. = Eaton’s solution (p. 184) doubled in concentration; Ga soL= solution of calcium salts (p. 185) doubled in concentration. 



Table 9.— Analyses of variance based on means of 10 seedling groups for the seedling parts a7id the treatments shoivn 
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The results of this experiment did not confirm the data, obtained 
from the preceding experiment, on the effect of the complete solution 
on length of mesocotyl. A comparison of figures 9 and 17 shows that, 
while the growth curves in the two experiments are very similar in 
rate and final size for the plants grown in the complete culture solu- 
tion, they are astonishingly different for the plants grown in the dis- 
tilled water. In the experiment illustrated in figure 9, the length of 
mesocotyl in distilled water is equal to that in the complete solution 
and both are very long. 

For the seedling parts above ground, the analyses of variance 
(table 9) show significant interactions of solutions with temperature. 
The nature of these interactions is shown in figures 17 to 21. With 
the exception of measures of mesocotyl development, at 69^ F. 
the plants in the calcium solution were more nearly like those in dis- 
tilled water, and at 90^ these plants were intermediate between 
those in distilled water and those in the complete solution. The 
root development shows no interaction of solution with temperature, 
though there is a significant triple interaction of solution, temperature, 
and time. 

Length of Mesocotyl 

It is evident that at the first sampling date the mesocotyls in all 
three solutions in the 90® F. culture were approaching their maximum 
length. Only the upper reaches of the curves are available (fig. 17, 
A). It is clear, however, that the solution of calcium salts produces 
the longest mesocotyls, although there is not much difference in this 
respect between the two nutrient solutions. In the 69® culture both 
nutrient solutions clearly accelerated the elongation of the mesocotyls 
and carried them to a greater final length than did distilled water (fig. 
17, B). This is not in accordance with the results first obtained (p. 
197 and fig. 9). The calcium solution was more effective in stimulat- 
ing the elongation of the mesocotyl than was the complete solution, 
thus confirming the results of the previous experiments. 

Length of Coleoptile 

Both solutions were more effective than distilled water in producing 
long coleop tiles at 90® F. The complete solution produced the longest 
coleoptiles, but the two solutions were very similar in this respect 
(fig. 18, A). At 69® the differences in coleoptile length between the 
three solutions were not so great (fig. 18, B). The coleoptiles in the 
calcium solution and in distilled water were much more nearly the 
same size at 69® than at 90®. As at 90®, the complete solution pro- 
duced the longest coleoptiles at 69®. ’ 

Length of Tops 

At 90° F. the true leaves were very much longer in the complete 
solution and grew faster than in the other solutions (fig. 19, A). The 
calcium solution produced leaves midway in length between those in 
the complete solution and those in distilled water. At 69° the lengths 
of leaves in the calcium solution and in the distilled water were very 
nearly alike, whereas the complete solution produced long, rapidly 
elongating leaves (fig. 19, 5). 
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Figure 17. — Increase in length of mesocotyls of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 
concentration. Cultures grown at a constant temperature of (A) 90° F., 
(B) 69°. 
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Figure 18. — Increase in length of coleoptiles of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water ; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 
concentration. Cultures grown at a constant temperature of {A) 90° F., 
(B) 69°. 
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Figure 20. — Increase in weight of mesocotyls of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 
concentration. Cultures grown at a constant temperature of {A) 90° F., (B) 
69°. 
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Weight OF Mesocotyl 

The relatively late sampling period for the 90° F. culture is showi) 
graphically in figure 20, A, where the dry weights of mesocotyls are 
greatest on the first sampling day and decline each day thereafter. 
The mesocotyls were heaviest in the calcium solution, which would be 
expected to follow from the greater length of this organ in this solu- 
tion. The loss in diy matter is probably the result of the drain made 
by the rapidly elongating leaves, which doubtless pull sustenance from 
the mesocotyl as well as from the seed. In the 69° culture the dry 
weights of mesocotyls increase with time in all three solutions, until 
at 9 days after planting all three start to decline (fig. 20, B). The 
leaves at this temperature are exserted from the coleoptile 7 days after 
planting, but apparently the seed is able to provide food for both 
leaves and mesocotyls as long as these organs are located close to the 
source of supply. At 8 days the leaf node is 16 to 18 cm. above the 
seed in the culture solutions and the mesocotyl begins to lose dry 
matter to the leaves. At 69°, as at 90°, the dry matter in the meso- 
cotyls is greatest in the calcium solution. 

Weight op Tops 

The weight of the tops at 90° F. reached its maximum in the com- 
plete solution 7 days after planting and in the calcium solution 8 days 
after planting (fig. 21, A). In distilled water the weights were irreg- 
ular, but the heaviest plants were obtained on the last sampling date, 
10 days after planting. The weight of dry matter represented by the 
leaves was greatest in the complete solution, least in distilled water, 
and almost the mean of these two in the calcium solution. At 69° 
the greatest weights in all three solutions were obtained 10 days after 
planting (fig. 21, B). Here distilled water and the calcium solution 
were not greatly different in the dry weight of leaves produced. The 
complete solution was outstanding, with leaves twice as heavy as 
those in the calcium solution. 

Weight of Roots 

The weight of roots in the 90° F. culture was very irregular, but 
the heaviest roots were found in distilled water and the lightest in the 
calcium solution (fig. 22, A), The weight of roots in complete solu- 
tion was very similar to that in the distilled water. The weight de- 
clined in all three cultures before the final sampling date, indicating 
a loss of dry matter to the upper parts of the seedling. In the 69° 
culture the weight of roots increased rapidly with time in all three 
solutions and was greatest at the close of the experiment (fig. 22, B). 
The calcium solution was distinctly a poor medium for root develop- 
ment in comparison with the complete solution and the distilled water, 
which were very similar in their effect on roots. 

Weight OP Mesocotyl PER Unit Length 

As a means of expressing the weight per unit of length of mesocotyls, 
the ' weight per meter was chosen. ’ At both temperatures and in all 
solutions, the weight per meter declined, with time (fig. 23, A and 5). 
As' the mesocotyls increased in length, they decreased in dry weight 
per meter. The weight per meter was greatest in the distilled water 
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at both tempemtures and for all sampling periods and conversely 
was lightest m Eaton’s solution. ^ veihtiy 

Jhom one point of view it could be assumed that a certain amount 
01 dry matter was apportioned to the mesocotyl, and, as this organ 
became longer with age or by nutritional stimulation, the amount of 
dry matter per unit length necessarily became less. However the 
calcium salts produced the longest mesocotyls but not the lightest in 
weight pex unit of length, and the actual weight of dry matter in the 
mesocotyl was greater in the two solutions than in distilled water 
itie most probable explanation for the loss in unit weight with time 
and with nutritional stimulation is that both these conditions advance 



DAYS 

the seedling ontogeny, with the result that the develooin<' leaves 
bepn to constitute a dram on the nutrients in the mesocotyls Under 

Sd time"! ® decrease with length 

Weight OP Seed Residue 

wiS f ■¥ decreased 

1- x'n , reserve material remainmg in the seed was 
Tbe^enlV^’^ distilled Water and least in Eaton’s solution (fig 24 A) 

^^Sll taSng nS midway between these two 
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At 69^ F. the solutions stood in the same order as at 90°, but the 
distilled water and calcium solution were almost identical (fig. 24, B). 
The rate of decline was much greater in all solutions at this temper- 
ature than at 90°, but this doubtless is due to the relatively earlier 



Figure 23. — Decrease in weight per meter of mesocotyl of maize seedlings grown 
in the dark in three cultures (p. 204). Solid line, distilled water; broken line, 
Eaton^s solution at double concentration; dotted line, calcium solution at 
double concentration. Cultures grown at a constant temperature of (A) 90^ 
F., (B) 69°. 

sampling period. At the close of the experiment there was no evi- 
dence of a slackening in rate of decline. 

Weight of Dry Matter Recovered and of Dry Matter Lost 

The weights of dry matter recovered and of dry matter lost are 
complementary. The amoimt of dry matter recovered declines 
rapidly with time, and, conversely, the amount of dry matter lost 
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increases rapidly with time (fig. 25, A, .S, and fig. 26, A, B). In 
measui-ements of this nature there are necessarily some unavoidable 
losses due to handling, despite meticulous care. A certain loss of 
small hair roots is known to have occurred, and the total weight lost 



ffw'oig ■ .■ I DAYS ■ ; ' 

weight of seed residue of maize seedlings grown in the 
oj., dark in three cidtiires (p. 204). . Solid, line, distilled water; broken line, Eaton's 
*'sarutioh at double concentration; dotted line, calcium solution at double con- 
centration. Cultures grown at a constant temperature of {A) 90? F., (B) 69°. 

tiriotifh' this factor would increase with the increasing size of the 
seedlings, because as the plants became larger not only were there 
more roots to lose but also it yras more difficult to separate the seed- 
lings from the quartz. More agitation in water was required to 
remove the quartz, and consequently there was an increased loss of 
.small roots, i ) ; n ■ 
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However, only a fraction of the lost dry matter can be accounted 
for by losses in handling. The principal cause of loss was undoubtedly 
the presence of micro-organisms; this was reflected in the greater losses 
at the higher temperatures, as the cultures were not sterile. 

A second large factor in the loss of weight must be the energy 
utilized in the process of translocation with elongation, starch con- 
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Figure 25. — Decrease in weight of total dry matter recovered from maize seed- 
lings grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton's solution at double concentration;, dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 

version, oxidation, etc. There is a third factor, namely, the loss of 
solutes to the solutions. Were this an important factor, the distilled- 
water cultures would show the greatest loss, and to some exteptiHiey 
do, although the differences between the three cultures are not con- 
sistent at all sampling dates. 

“Weight of Dry Matter Translocated 

In both temperature series the greatest quantity of .dry'; hxatter 
removed from the seed to the plant occurred jn Eaton’s sblution (fi^. 
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27, A). At 90° F. in the complete solution the maximum amount 
of ’dry matter had been translocated 7 days after planting, whereas 
in the calcium solution and in the distilled water the maximum was 
reached at 8 days. The calcium solution stood almost midway 
between the distilled water and the complete solution at 90° but not 
at 69°, where the curves for distilled water and calcium are closely 
parallel. At 69° in the complete solution the rate of dry matter trans- 
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Figxjbe 26. — ^Increase in weight of total dry matter lost of maize seedlings grown 
in the dark in three cultures (p. 204) . Solid line, distilled water; broken line, 
Eaton’s solution at double concentration; dotted line, calcium solution at 
double concentration. Cultures grown at a constant temperature of (.4) 90° 
F., (B) 69°. 

located was increasing at the close of the experiment, and the amount 
of translocated material actually exceeded that for the same solution 
at 90^ (fig. 27, B). 

Percentage of Eecovered Dry Matter Translocated to the Seedling 

Of the dry matter recovered, the largest percentage translocated to 
the seedling is found in Eaton's solution at 90^ F., where almost 70 
percent of the dry matter left at the close of the experiment was found 
in the seedling (fig. 28, -4.). At this temperature the calcium solution 
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stood midway between the distilled water and the complete solution. 
All three groups had passed their maximum rates by the seventh or 
eighth day from planting. 
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Figure 27. — Increase in weight of total dry matter translocated from seed to 
seedling of maize grown in the dark in three cultures (p. 204). Solid line, dis- 
tilled water; broken line, Eaton^s solution at double concentration; dotted line, 
calcium solution at double concentration. Cultures grown at a constant tem- 
perature of (A) 90° F., (B) 69°. 



Figure 28. — Percentage of recovered dry matter translocated from seed to seed- 
ling of maize grown in the dark in three cultures (p. 204) . Solid line, distilled 
water; broken line, Eaton's solution at double concentration; dotted line ^ cal- 
cium solution at double concentration. Cultures grown at a constant tem- 
perature of (A) 90° F., (B) 69°. 

At 69 ® F. the solutions stood in the same order. Even in the com- 
plete solution less than 60 percent of the recovered dry matter was 
found in the seedlings, although the rate was still rising for this solution 
(fig. 28 , B); For the distilled water and the calcium solution, which 
were very closely alike, the rates of transfer had apparently reached 
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a iiiaximum at tlie close of the' experiment at a level well below that 
reached at the higher temperature. 

Peecentage op Total Recovered Dry Matter in Tops 

At the close of the experiment 40 percent of the recovered dry matter 
was found in the leaves and stems of the seedlings growing in the com- 



Figure 29. — Percentage of recovered dry matter found in tops of seedlings of 
maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton^s solution at double concentration; dotted line, calcium 
solution at double concentration. Cultures growm at a constant temperature 
of (A) 90° F., (B) 69°. 

plete solution at 90° F., and evidently the maximum point had been 
reached (fig. 29, A), The curve for the seedlings growing in the cal- 
cium solution falls almost midway between that for distilled water 
and that for the complete solution . 

At 69° F. none of the cultures had reached the maximum point at 
the close of the experiment. Here the curves for the calcium solution 
and for the distilled water lie close together and are very similar (fig. 
29, 5). ^ ^ 
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Peecentage of Total Recovered Dry Matter in Roots ' 

There was very little difference between the cultures in the per- 
centage of dry matter translocated to the roots, except that at 90° F. 
the roots in the distilled water clearly exceeded those in the other 
cultures (%. 30, A). At 69° the percentage of dry matter found in 
the roots was greatest in the complete solution, though not outstand- 
ingly so (fig, 30, B) , The percentages were uniformly higher at 90°, 
though at this temperature the maximum point evidently had been 



DAYS 

Figure 30. — Percentage of recovered dry matter found in roots of seedlings of 
maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton's solution at double concentration; dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 

reached for all tlmee cultures at the time the experiment was termi- 
nated. This point had not been reached for any of the cultures at 
69°. 

Percentage of Total Recovered Dry Matter in Mesocotyl 

At 90° F. the percentage of dry matter in the mesocotyl was great- 
est for the calcium solution and least for the distilled water (fig. 31, 
A) . In general, the percentage declined in the complete solution from 
the first samples, though the decline was irregular. The lack of agree- 
ment in the form of the three curves at 90° may have resulted from the 
rapid expansion of the leaves in the complete solution in comparison 
with those in the other two. \ 
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At 69° F. the three solutions produced comparable curves until the 
last two sampling periods, when the percentage declined in the com- 
plete solution (fig. 31, J5). 



DAYS 


Figure 31. — Percentage of recovered dry matter found in mesocotvls of seedlings 
of maize grown in the dark in three cultures (p. 204) . Solid line, ‘distilled water; 
broken line, Eaton's solution at double concentration; dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of U) 90° F., (B) 69°. 
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Peecentage op Dey Mattek Teanslocated 

The percentage of dry matter translocated from the seeds to seed- 
ling parts is shown in figure 32, A and B. At 90° F. the three solu- 
tions stood in the order of Eaton’s, calcium, and distilled water, the 
first-named having the highest percentage. The three curves are 
very similar in shape, with the maximum percentage at about 8 days 
after planting. The decline that sets in after this period is the result 



PiGURE 32.— Percentage of original dry matter translocated from seed to seedling 
of maize grown in the dark in three cultures (p. 204) . Solid line, distilled water; 
broken line, Eaton’s solution at double concentration ; dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F,, (B) 69°. 

of dry matter lost, probably chiefly to fungi and bacteria. However, 
this does not furnish a complete explanation, as at 69° the percentage 
of dry matter translocated increased fairly steadily in all three cul- 
tures, and in the complete solution on the last sampling date actually 
exceeded the maximum found in the 90° group. Further, reference 
to figure 26, A and 5, shows the two temperature groups to have very 
similar loss curves. It should be noted that the maximum percentage 
of dry matter actually moved from the seed to the seedling is less 
than 40 percent in the most effective culture and less than 25 percent 
in distilled water. 
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Percentage of Dry Matter in Seed Residue 

Of the di7 matter in the seed when planted ^ that not translocated 
to the seedling was either left in the seed or lost. Of conrse, part of 
the seed material is not usable by the seedling and part of it, though 
used, remains in the seed, such, for example, as that in the scutellum. 
At 90° F., at all sampling dates, the seed residues were least in the 
complete solution and greatest in distilled water, in line with the 
seedling sizes and percentages of dry matter translocated. It is quite 
evident from figure 33, A, that the decline in weight of seed residue 



Figure 33. — Percentage of dry matter in seed residue of maize grown in the dark 
in three cultures (p. 204). Solid line, distilled water; broken line, EatoiPs solu- 
tion at double concentration; dotted line, calcium solution at double concen- 
tration. Cultures grown at a constant temperature of (A) 90° F., ( B) 69°. 

had set in 7 or 8 days after planting. 

. At 69° F. the percentage of dry matter left in the seed was least in 
the complete solution. The curves for distilled water and the cal- 
cium solution are almost identical (fig. 33, B ) . The rate of loss had not 
slackened in any of the three cultures, but even in the complete 
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solution 30 percent of the original dry matter was still to be found in 
the seed. 

Percentage of Dry Matter Lost 

The percentage of diy matter lost has been discussed on pages 215- 
217. The graphs (fig. 34, A and B) serve to strengthen the conclusion 
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Figure 34.— Percentage of original dry weight of feeds not recovered in seed 
residue and seedlings of maize grown in the dark in three cultures (p. 204). 
Solid line, distilled water; broken line, Eaton ^s solution at double concentra- 
tion; dotted line, calcium solution at double concentration. Cultures grown 
at a constant temperature of (4.) 90° F., (B) 69°. 

that this factor was not greatly influenced by the natui'e of the culture 
solution and to bring out the fact that the percentage of dry matter 
lost was very much higher in all solutions at 90° F. than at 69°. 
There is some evidence that the greatest percentage of dry matter 
was lost in distilled water at the higher temperature and in the com- 
plete solution at the lower temperature. 

Germination 

Neither the cultures nor the temperatures had any effect on germi- 
nation percentage, which was 99 for the entire experiment. Although 
germination was lowest in distilled water and highest in the complete 
solution, the difference between these two solutions was not significant 
Q4^ The distribution of germinated seeds is given in table 10. 
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Table 10. — Distribution of germinated seeds in the sohdions and temperatures shown 


! 

Temperature C F.) 

1 Solution 

Total 

j 

Distilled 

water 

294 ! 
296 , 

Eaton’s 

Calcium 

69 - 

299 

298 

298 

295 

891 

889 

60 - - 

Total . - 

590 

597 i 

593 

1, 780 



DISCUSSION 

It is evident from these experiments that maize seedlings grown in 
the dark are benefited by certain nutrient salts, and further that the 
kind of salts determines the part of the seedling to be benefited. The 
action of the salts is reflected not only in the total amount of diy 
matter moved into different parts of the seedling but also in the rate 
of its movement. Seedlings grown in distilled water, for example, 
have mesocotyls heavier per unit of length than those grown in the 
several nutrient solutions, a condition which indicates a retarded 
movement of dry matter along the axis. In distilled water also the 
leaves appear later and do not reach, in a given time, the size of those 
in the salt solutions. 

Bonner (1) measured the growth, by means of curvature, of excised 
coleoptiles of Avena when immersed in various solutions. He found a 
more rapid growth in an acid medium (pH 4.1) and reached the follow- 
ing conclusions: 

* * * It would appear then that there are at least two ways connected with 

growth substance in w^hich the growTh rate of an Avena coleoptile can be increased. 
The first is the way In which it is done in the normal plant, by an increase [in] the 
total amount of growth substance w’hich is present. Only a small portion of this 
will be in the active non-dissociated form at the pH of the plant, but by increasing 
the total amount present, the amount present as non-dissociated acid will also be 
increased. The second way in which the growth rate may be increased is by con- 
version of some of' the inactive growth substance salt already present in the plant 
into the acid. This is what occurs in the '‘acid growth’^ reaction, when the cells 
of the plant are actually made more acid, and the ionization of the growdh 
substance reduced. > 

Thimann and Schneider (7), using peeled excised coleoptiles of Avena 
and stems of Pisum floating in the solution, demonstrated an increased 
growth for various concentrations of potassium chloride. 

No attempt was made in any of the experiments herein reported to 
maintain the salt concentrations present at the start. The seedlings 
were enclosed in tin cylinders, which were unopened from the time of 
planting until the plants were measured. In consequence, growth in 
the salt solutions may have been checked either by the exhaustion of 
the required salts or by an excessive concentration through water loss. 
Although the tin cylinders retarded the loss of water from the system, 
the actual quantity of condensed water on the inside of the containers 
and on the plants themselves constituted a loss sufficient to bring 
about a real increase in the concentration of the culture solutions. 

Steward and Preston (^) studied the effect of salt concentration on 
the metabolism of potato disks and reached the following conclusions: 

2. The effects of salt concentration on starch hydrolysis are slight. The 
tendency is for Increased concentration of potassium salts to decrease and calcium 
salts to increase starch hydrolysis. This is the converse of the more important 
effect of salts on all the processes which involve oxidation. 
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3. Increased external concentration of potassium salts increases respiration and 
all other reactions which are favored by oxygen, whereas corresponding concen- 
trations of the calcium salts with a common anion depress these processes. 

4. The salt concentrations which induce high respiration do not produce high 
sugar content. High rates of respiration and lower sugar content obtain in the 
tissue exposed to strong potassium salts and the converse is true of the disks 
treated with calcium salts. Sugar concentration does not determine respiration. 

5. The effective ions of the salts are the cations. The specific effects of the 
cations are accentuated by the anions and these, like the contrast between the 
effect of potassium and calcium salts at the same equivalent concentration, are 
influenced by the anions in the order N 03 >Cl>Br>SO 4 which is also the order in 
which they influence absorption of a common cation. 

6. The effects of salts on respiration are closely connected with their effect on 
protein synthesis from stored amino acids. Potassium salts stimulate, calcium 
salts depress both processes. 

The behavior of these potato disks may be closely analogous to the 
processes that take place in maize seedlings growing in the dark. 
Chemical analyses were not made of the seedling parts, but Frey- 
Wyssling and Blank {4) have shown, with the coleoptile of maize, 
that water-soluble and protein nitrogen migrate from the seed into 
the coleoptile as long as it is growing. 

In potato disks protein synthesis is depressed in calcium solution 
relative to potassium salts, and if this process holds true for maize it 
might explain the retarded growth of coleoptiles and leaves in the 
calcium solutions tested. However, it should be noted that there is 
an interaction of solution with temperature of such a nature that the 
calcium salts at 69° F. have relatively less effect on leaf size than at 90°. 

The development of roots, as measured by their dry weight, is un- 
affected by Eaton’s solution (tables 6-8 and figs. 13 and 22). However, 
the solution of calcium salts is obviously detrimental. White (5) 
showed, with excised root-tip cuttings of wheat growing in Upsenski 
solution, that growth could be improved by lowering the calcium by 
as much as 50 percent. 

Naylor {5) studied the effects of temperature, calcium, and arsenous 
acid on seedlings of Poa fvatensis growing in the light and reached the 
general conclusion that calcium in large quantities is detrimental to 
young seedlings. Once the seedlings are established, however, calcium 
stimulates rapid growTh. The detrimental effect, at least in the early 
seedling stages, may be the result of root inhibition. Certainly, with 
maize, in those cases where seedling survival depends upon a maximum 
extension of the mesocotyl, calcium is beneficial. 

Day {2) showed, with Pisum sativum^ that plants starved for cal- 
cium are dwarfed, and apparently this element plays an important 
role in the stem elongation. 

The morphology of the maize seedling is such that the mesocotyl 
has an upper limit of length, as does also the coleoptile. Under 
ordinary conditions, neither of these organs reaches the maximum 
length. To a certain degree they elongate together, though in the 
early stages the rate of elongation is more rapid in the mesocotyl. 
The elongation of the coleoptile continues after that of the mesocotyl 
stops. By the time the first leaf is exserted from the coleoptile, 
extension of the mesocotyl is complete. 

Under all except optimum conditions, the mesocotyl does not reach 
its full possible length and the leaves begin growth. As the leaves are 
not exserted from the coleoptile until the mesocotyl has stopped 
elongating, conditions that speed the growth of this organ speed the 
appearance of the leaves. Once the leaves have begun to increase in 
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size rapidly, the mesocotyl shrinks somewhat in length and noticeably 
in diameter. This shrinkage in size is accompanied by a loss of dry 
matter. 

Where two solutions are used, one of which stimulates the develop- 
ment of the mesocotyl and the other the development of the leaves, it 
is evident that in the one case leaf growth will be delayed by the de- 
veloping mesocotyl and in the other case the full length of the meso- 
cotyl will not be reached because of the nutrition requirenients of the 
rapidly expanding leaves. 

Although these experiments were terminated before the transloca- 
tion of dry matter was complete, there is little reason to believe that 
the leaves in the calcium solution would ever have reached the dry 
weight of those in the complete solutions. The inhibitory effect of 
calcium on leaf development, as compared with the more complete 
solutions, cannot be attributed entirely to the delay in leaf growth 
brought about through the stimulation of the mesocotyl by this 
element. 

SUMMARY AND CONCLUSIONS 

Maize seedlings grown in the dark were benefited by certain salts 
in the culture medium. 

These salts increased the rate of transfer, and the total quantity 
translocated, of the dry matter stored in the seed. 

Calcium salts stimulated the elongation of the mesocotyl but did 
not produce the longest or heaviest leaves. 

Leaf growth was stimulated at the expense of the mesocotyl by all 
except calcium salts. 

Coleoptiles and leaves apparently reacted to the same solutions. 
Dry weight of roots was not increased by the salts used and was 
depressed by calcium salts. 

The effects produced by the salts used were dependent on tem- 
perature in the range 69° to 90° F. In certain respects calcium salts 
are relatively less effective in stimulating growth at the lower 
temperature. 
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an apparatus for stud ying respiration of azoto- 

BACTER IN RELATION TO THE ENERGY INVOLVED 
IN NITROGEN FIXATION AND ASSIMILATION » 

liy J. M. Fife 2 

Naiioniil h’cai'drch. Ciiitnril Jfllaw in the biological sciences, 1927-29, Division of 

Plant Xiilcilion and the Dci>ai'tinent of Chemistry, California, Agricultural 

Experiment Station 

INTRODUCTION 

The (lirt(*ov(M‘y of Azotohader by Beijerinck il) in 1901, encouraged 
a vast ainouiu of work on tlie physiology on this group of nitrogen- 
fixing ])acl(4‘ia. vSiu(*(^ tlu‘ fr(‘e-energy data published by Lewis 
and Randall {10) a])p('ared, the interest of other mYestigators 
(5, 6', 7, 12, IS) in tlu‘st‘ organisms lias centered on the energetics and 
efficiency of th(‘ nitrogim-fixation process, the efficiency of growth, 
and also on tlu^ (diicituicy of oxygen utilization. 

Studies on the rate of respiration of Azotohacter^ while being sub- 
jected to a wide range of carefully controlled environmental conditions, 
were started in August 1929, at Berkeley, Calif., and continued during 
the following 2 years. In this paper the apparatus and methods 
used are described and certain of the results of the investigations are 
presented. 

The chemical reactions catalyzed by Azotohacter to obtain the neces- 
sary energy for its metabolic processes vary greatly. Under aerobic 
conditions the oxidation of glucose to carbon dioxide and water is a 
typical reaction which is catalyzed by these organisms. It may be 
written, using the terminology of Lewis and Randall (fO), 

C6Hi20a+602=6C02+6H20; AH= -674,000 cal. 

The rate at which this reaction is carried out may be considered a 
direct measure of the metabolic activity of the culture. Consequently 
the rate of respiration of a culture of JLzotohacter under different 
environmental conditions can be determined by measuring the rate at 
which this reaction proceeds. This rate may be measured in either 
of two ways: (1) by measuring the rate of disappearance of the reacting 
substances, sucli as the rate of absorption of oxygen; (2) by measuring 
the rate of formation of the end product, carbon dioxide, or the heat 
of the reaction. 

As long as tlie organisms are utilizing free oxygen, as opposed to 
combined oxygen, in the reactions catalyzed for a source of energy, a 
measure of either tlie rate of oxygen consumption or the rate of carbon 
dioxide production or the rate at which heat is evolved will give an 
accurate index to its metabolic activity. 

1 Received for publication Janiuiry 12, 1942. This investigation was made possible by the National 

Research Council. ' . G, -r . 

2 The author is indebted to Q . N. Lewis, Merle Randall, O. R. Hoaglancl, A. R. Davis, and C. B, Lipnian, 
of the university staff, and to r*. C. Stewarrd, of the Department of Botany, Birkbeck College, University of 
London, for interest shown in the work and for valuable suggestions and criticisms. 

3 Italic numbers in parentheses refer to Literature Cited, p. 248. 
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Howeyer, there is evidence (2, 9) that Asotobacier catalyzes energy- 
liberating reactions not involving free oxygen niider anaerobic "or 
partly anaerobic conditions. This has been confirmed by the author. 
Under such conditions, the rate at which the reaction proceeds does 
not give a complete measure of the metabolic activity of the culture 
or an indication of the total energy liberated. Coiisequently, experi- 
ments at low oxygen tensions in which, only the rate of free ox3^geii 
utilization or the rate of carbon dioxide production is measured 
would be of little value in determining the efficiency of growth or of 
oxygen utilization per cell or the efficiency of the nitrogen-fixation 
process. 

CRITIQUE OF METHODS 

Most of the earlier work on the physiology of Azotobacter with 
respect to oxygen utilization and carbon dioxide production was done 
with a qualitative outlook and was carried out with few if any precau- 
tions taken to keep the partial pressure of ox,ygen and carbon dioxide 
in the culture constant. Nor was this work done in such a way that 
the reactions catalyzed by the organisms would proceed at a maxi- 
mum rate under the conditions imposed. The methods in these 
respiration studies were in general inadequate to give an accurate 
picture of the metabolic activity of Azotobacter over relatively short 
periods under carefull3’' controlled conditions. This critique of the 
methods may be said to be especially valid where respiration studies 
were conducted with partial pressures of oxygen which deviated con- 
siderably from that in air. 

It will be desirable at this point to discuss certain methods used 
by later investigators. A consideration of their results will be post- 
poned until after the discussion of the experimental results presented 
in this paper. 

Bonazzi {2) made a study of the ox3^gen consumption of Azotobacter, 
In one experiment 2,566 cc. of air was confined over 100 cc. of an inoc- 
ulated culture medium and incubated for 52 days. From table 4, 
page 339, of Bonazzi's paper, it is evident that the partial pressure of 
the gases in the system varied greatty. In this experiment, the con- 
centration of CO2 in the air above the culture increased 160-fold 
during the experiment. At the same time the partial pressure of 
oxygen decreased to one-twentieth. The composition of the medium 
with respect to certain ions was similarly changed. There were 
44.36 mg. of CO2 dissolved in the 100 cc. of medium at the end of the 
experiment, making the medium 0.01 molal with respect to carbonic 
acid. As there were only 0,02 gm. of K2HPO4 (0.001 molal) to serve 
as a buffer, this concentration of carbonic acid, which would not be 
affected much by the other salts present, would bring the pH of the 
medium to about 5.5. There would result approximately a 300 -fold 
change in the hydrogen-ion concentration. 

It is evident that the question of equilibrium was not taken into 
consideration in these experiments. During the first few hours in 
such experirnents the available oxygen and carbon dioxide con- 
centration might have permitted a rapid aerobic respiration, but the 
conditions would soon have become more favorable for anaerobic 
respiration than for aerobic respiration. 

Meyerhof and Burk (18) and Lineweaver, Bmk, and Horner (11) 
have made an extensive study of the physiology of Azotobacter by 
the use of the Warburg technique (i 5') . 
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Tlie total volume of the apparatus used (4, 6) was about 12 to 
16 cc. For the removal of carbon dioxide, these investigators relied 
entirely upon the normal rate of diffusion of the gas from an alkaline 
medium (buffered usually at pH 7.3) into the confined atmosphere 
above, aided only by a gentle rocking of the entire apparatus. 

The total gas-liquid interface from which the gas exchange must 
take place was approximately 6 cm.^, or 3 cm,^ of gas-liquid interface 
per cubic camtime ter of medium (4). It was then necessary for 
the carbon dioxide that did reach the gas phase to diffuse down into 
a small chamIxT (approximately 0.8 cm. in diameter) containing 0.2 
cc. of potassium hydroxide. The area of the interface between the 
air and potassium hydroxide was extremely small, being approxi- 
mately 0.5 crn.^’ The gas-licpiid interface was increased, however, by 
shaking the manometers at the rate of 120 cycles per minute with 
an amplitude of 3 cm. 

The environment to which Meyeihof and Burk {13) and Line- 
\ceaver and associates {11) subjected the cultures of Azotohacter in 
the Warburg apparatus Avas carefully controlled and reproducible. 
It does not follow, however, that the environment wfith respect to 
gaseous exchange was such as to allow^ respiration to proceed at a 
maximum rate, especially at the higher oxygen pressures. 

EXPERIMENTAL METHODS 
THE CALORIMETER 

The apparatus designed and built for these studies was such that 
the metabolic activity of a culture could be determined accurately 
by measuring simultaneously the rate of heat and carbon dioxide 
production of Azotohacter over the entire range of oxygen pressures 
during nitrogen fixation and nitrogen assimilation. 

The differential calorimeter built by Randall and Rossini (14) 
formed the nucleus of the apparatus used in these studies. 

The calorimeter consisted of three identical units, as shown in 
figure 1. Each unit wms mounted separately on the under side of a 
steel plate (H). A unit consisted of an electric heating coil {B), a 
cooling coil {€), a stirrer (D), and one leg of a thermal (F), all of which 
fitted down into a 1,500-cc. vacuum flask {E), The vacuum flasks 
for the three units wave held in ^position by placing them in separate 
heavy copper cans (6r), wdiich w^ere then bolted to the steel plate (A). 

Balsa wood blocks (JI), and cork supports (I) were used to insulate 
the vacuum flasks from the copper cans and the steel plate. 

The entire calorimeter was submerged in an oil bath. 

In order for Azotohacter to grow normally in the vacuum flask of 
unit 2 of the calorimeter, it was necessary to build the heating and 
cooling coils of glass. For the heating coil, a length of manganin 
wire having a resistance of 9 ohms was coiled and drawn through a 
thin-walled pyrex U tube. The tube was then filled with oil and sealed, 
care being taken to leave a small air space to allow for expansion. 
The cooling coil consisted of several loops of thin-walled pyrex 
tubing. 

A metal bearing was designed for the stirrer so that it would turn 
freely and yet not leak under pressure. Although the bearing w^as 
built to withstand a pressure of 30 mm. of mercury without leaking, 
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the pressure in the calorimeter never varied more than 4 mm. from 
atmospheric pressure during an experiment. The mouth of the 
vacuum flask of unit 2 was sealed with pure gum rubber (L) to pre- 
vent air from passing from the vacuum flask to the copper can. The 
three-vaned stirrer (D), made of P3U*ex, was electrically driven at a 
constant rate of 130 r.p.m. 

In order to obtain a direct measure of the rise in temperature pro- 
duced by the bacteria, it was necessary to hold unit 1, which con- 
tained one leg of a multiple-j unction thermal (F5o-“F2o)b at a constant 
temperature." A search of the literature was made to find some salt 
with a transition temperatime near 25® C. whicli would serve to hold 
unit 1 at a constant temperature. It was found that the transition 
temperature of Cu(N03)2 * OITO to CiUNO^)^ * 3Ho() is 25.28® C. 



PiGURE 1. — Cross section of the reconstructed calorimeter: A, Steel plate; 
electric heating coil; C, cooling coil; D, stirrer; E, vacuum flask; F, thermals; 
G, heavy copper cans; H, balsa wood blocks; /, cork supports; J, pyrex glass 
air inlet tube; K, exit tube; L, gum rubber seal; M, terminals ; ' N, culture 
medium inlet. 

Other properties of the salt made it ideal for this purpose. Con- 
sequently, to the vacuum flask of unit 1, containing 1,000 cc. of a 
saturated solution of copper nitrate at 25.28® C., was added 800 gm. 
of an equal mixture of Cu(N03)2 • 6H2O and Cu(N03)2 • 3H2O. The 
stirrer of unit 1 was permanently disconnected to prevent the addi- 
tion of heat to the unit by this means. The oil bath in which the 
whole assembly was submerged was maintained at 25,28® C. Conse- 
quently, no temperature gradient existed between unit 1 and the bath. 

Unit 3 of the calorimeter served indirectly to determine the tem- 
perature difference between unit 1 and the bath. Consequently, a 
slight drift in temperature of this unit was not objectionable. Unit 3 
was filled with 1,200 cc. of water and at the beginning of each experi- 
ment wms brought to the temperature of the bath and the stirrer was 
disconnected. Observations revealed that unit 3 would not vary as 
much as 0.005® C. for a period of a week. The slight temperature 

^ When the potential difference between units 1 and 2 was measured, the thermal F in unit 1 served as 
one leg of a 50-junction thermal. However, when the potential difference between units 1 and 3 was meas- 
ured, it served as one leg of a 20-junetion thermal. 
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variations of tlie oil batli were practically eliminated before they could 
affect the temperature of the contents of the vacuum flasks of the 
three units. Unit 3 and the oil bath each contained one leg of a 10- 
junction thermal (F,n). By connecting the potentiometer with the 
proper terminals (M), the temperatm-e difference between units 1 
and 2, 1 and 3, or 3 and the oil bath, could be accurately determined 
at any tinu'. FriHinent readings of the 20- and lO-junction thermals 
showed tliat the tcmiperature drift of units 1 and 3 was insignificant. 
The drift in temperature of unit 1 was also determined with the aid 
of a platinum resistance thermometer which was inserted directly in- 
to the unit. The maximum drift, as shown by these two separate 
methods, was never as much as 0.1 percent of the change produced 
by the culture over a 5-hour period. 

AERATION (GAS-LIQUID INTERFACE) 

For Azotobacter to carry on its metabolic activities at the maximum 
rate under the conditions imposed upon it, special precautions were 



Figure 2. — The apparatus used to condition the gas before it entered the calori- 
meter: A, Compressed air tank; B, needle valve; C, flattened copper pipe; 
D, 15-foot copper tube; E, acid tower; F, alkali tower; C, towers containing 
distilled water; //, copper tube in oil bath; I, flasks serving as air cushions; 
J, pj^rex tube leading to air inlet J of figure 1 ; calibrated flow meter. 

necessary in order to be certain that the system was in eqnilibrinm 
with respect to oxygen and that the COo was removed as fast as it 
was formed. Vigorous aeration of the mechanically stirred culture 
with small bubbles of the gas is not only effective in sweeping out 
CO 2 but also furnishes an extremely large gasdiquid interface from 
which the gas exchange may take place. 

Since heat measurements were made on the culture while it was 
being vigorously aerated, extreme care had to be taken to condition 
the air or gas properly before it entered the calorimeter in order that 
the heat change in the calorimeter due to this variable would be small 
and constant. The apparatus used to properly condition the air is 
shown in figure 2. 

Compressed air tanks (A) were pumped to 1,800 pounds pressure 
with carbon dioxide-free air. The air from these tanks was forced at 
a constant rate tlmough a 4-foot pyrex tube with the aid of a reducing 
valve and a specially designed needle valve (B). This tube, 45 mm. 
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in diameter and containing copper oxide, was heated in a furnace to 
350° C. to insure the removal of all traces of combustible gases. 

The air was further conditioned by passing it in successioii through 
three adjoining constant temperature baths; the first, an air bath, the 
second a water bath, and finally the oil bath in which the calorimeter 
(fig. 1) was also submerged. The air, on leaving the furnace, first 
passed through a flattened copper pipe (fig. 2, C), the teiiiperature of 
which was held at approximately 27° C. by means of the air bath. 
After this, it passed successively through a 15-foot coj^per lube (/)), 
and acid tower (E), and alkali tower (F), and two towers ((?) which 
contained distilled water. Tliese were all submergcKl in the water 
bath at 25.4° C. The air, on leaving the saturating towers in the 
water bath, was conducted into the oil bath where it took oii the final 
temperature by passing through 31 feet of copper tubing (H) immersed 
in the oil bath. This bath was kept at 25.28° C. and seldom varied 
0 . 01 °. 

Since the beads in the saturating towers {G) tended to cause an 
irregular flow of air through the flow meter {K) and the culture, 
large flasks (/) which served as air cushions were inserted on both 
sides of the saturating towers {6) in the oil bath. The air, on leaving 
the copper coil {H), passed successively into a 4-liter air cusliion (/), 
through a calibrated flow meter (if), into a 3-liter air cushion (i), and 
finally into the two large bead towers ({?) which contained distilled 
water. The air, after having been brought to the proper temperature, 
took on the last traces of moisture before passing into a 2-liter air 
cushion (/) and then into the vacuum flask {E of unit 2, fig. 1) con- 
taining tlxe growing culture. The air was coriducted to the bottom of 
the vacuum culture flask by means of the pyrex tube (J of unit 2, 
fig. 1) and forced its way into the medium directly opposite a three- 
vaned stirrer, through 20 holes in the side of the tube. The holes 
were spaced evenly over the lower 4 cm. of the tube. The upper holes 
were appmximately 0.4 mm. in diameter, while the center and lower 
holes were approximately 0.5 mm. and 0.6 mm. in diameter, re- 
spectively. 

The stirrer was so effective that thermal equilibrium was maintained 
constant^. The diameter of the circle described by the stirrer was 
one-third the maximum diameter of the flask. The stirrer moved 8 
cc. of liquid per revolution per vane, or approximately 3,000 cc. per 
minute. The stirrer passed within 3 mm. of the tube delivering the 
gas. With more than two revolutions per second, six vanes would 
sweep by the small openings delivering the gas each second. This 
was very effective not only in breaking up the bubbles but also in 
distributing them uniformly throughout the medium. It was esti- 
mated from observation that between 50 and 75 percent of the 
bubbles were broken by the cutting action of the stirrer and the vigor- 
ous agitation of the medium. 

The surface area of the gas supplied by the different rates of aeration 
was determined by experiment. Air was forced at a constant rate 
through a 0.5-mm. opening in the side of a glass tube into a vessel con- 
taining 1 ,200 cc. of water. The number of bubbles was coimted for a 

^The flow meter was calibrated by connecting a gas meter to the end of the assembled line. Five de- 
terminations of 1 hour each were made covering the range from 9 to 24 liters per hour. These values were 
plotted and a straight line obtained. 
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definite period and the total volume noted. The average volume of 
the bubbles was determined for eight different rates of aeration between 
10 and 24 liters per hour. The volume of the bubbles for the different 
rates of aeration varied from 0.108 cc. per bubble for a rate of 10.8 
liters per hour to 0.095 cc, per bubble for 24 litters per hour, with an 
average of 0.1019 cc. per bubble. The total surface area of gas 
available to the liquid for gaseous exchange was calculated for the 
different rates of aeration, using 0.1019 cc. for the average volume of 
the bubble and the conservative estimate that 50 percent of the 
bubbles were broken by the cutting action of the stirrer and the 
vigorous agitation of the liquid. The gas surfaces are not only 
extremely large b ut also present a very efficient surface for gas exchange 
to take place. 

The surface area of liquid coming in direct contact with the gas 
is still of a higher order of magnitude because of the fact that each 
bubble of gas having an average surface area of 1.055 cm.^ rising a 
distance of 15 cm. (25 diaineters) through the liquid would come into 



Figuke 3. — At left, the CO 2 absorbing towers and automatic pressure-regulating 
apparatus: K, inlet tube for air from the growing culture in the calorimeter; 
L, water manometer; M, CO 2 absorbing towers; N, carboy serving as air cushion: 
0, mercury pressure-regulating device; P, end of air line. At right (B), flask 
used to aerate culture with a side arm for aseptic transfer of the culture to the 
calorimeter. 


direct contact with approximately 25 cm.^’ of liquid surface. Conse- 
quently, the smface area of liquid exposed to the gas surface varied 
from 29 X 10^ cm.^ for an aeration rate of 10 liters per horn* to 48 X 10'^ 
cm.-' of liquid surface for 24 liters per hom\ 

The surface of the liquid, being changed continuously by the rapid 
stirring and vigorous aeration, formed an additional effective gas- 
liquid interface. Calculations show that the agitation of the liquid 
by the stirrer alone would move the liquid at a rate sufficient to change 
the entire surface of the liquid to a depth of 5 mm. 75 times per minute. 
The air above the culture was completely replaced once every minute 
with an aeration rate of 18 liters per hour. 

CARBON DIOXIDE ANALYSIS 

The air on leaving the growing culture in the calorimeter was drawn 
by suction through two CO 2 absorbing towers which are shown in 
figm'e 3, M. 

Atmospheric pressure, as measured by a water manometer (i), was 
maintained inside the vacuum culture flask despite the number of 
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towers and flasks in the system. This was accomplished by connect- 
ing the end of the air line (P) to a constant source of vacuum in series 
with a 40-liter carboy (iV) which served as an air cushion. The 
mercury pressure-regidating device (0) automatically maintained the 
proper negative pressure at all times. The water manometer {L) was 
inserted in the line (fig. 1, jK) on leaving the culture flask. With a 
constant pressure from the compressed air tanks forcing the air to the 
culture flask, and with a constant negative pressure drawing the air 
from it through the CO 2 towers, it was an easy matter to maintain 
atmospheric pressure in the culture flask well within 4 mm. of mercury 
at all times. However, when heat measurements were made, even 
greater care was taken and the pressure w’-as controlled to within 1mm. 
of pressure. This was found to be necessary inasmuch as the heat 
correction for the air varied slightly with the pressure. 

The CO 2 produced by the culture was absorbed in the first tower. 
To make certain that this absorption tower completely removed all 
CO 2 , the air was drawn through a second smaller glass bead tower. 
The first tower was found to be very efficient in removing all traces of 
CO 2 from the air since the second tower was used continuously for 200 
hours without becoming cloudy. 

A weighed amount of barium hydroxide solution was added to the 
assembled C 02 “free tower and enough C 02 -free water was added so 
that absorption took place the entire length of the tower. In analyz- 
ing for the CO 2 present, the tower was disconnected from the line, the 
beads and alkali in the tower were washed down into the extraction 
flask, and the tower was thoroughly rinsed with COo-free water. The 
excess barium hydroxide was then titrated against 0.08 normal hydro- 
chloric acid, with phenolphthalein as an indicator. 

To prepare the tower for absorption, the beads were transferred to 
a porcelain sieve. The beads, tower, and flask were washed with 
hydrochloric acid, thoroughly rinsed with tap water, with distilled 
water, and finally with COo-free water. The tower was then assem- 
bled, the beads added, and immediately sealed. When the barium 
hydroxide was added, it remained clear, showing that the tower was 
free from CO 2 . 

PREPARATION OF CULTURES 

Pure cultures of Azotobacter chroococcum and A, vinelandU were 
obtained from the American Type Culture Collection.® Although the 
latter was used in most of the work, experiments showed that both 
gave the same results. In order to be certain that the culture re- 
mained pure and did not acc|uire any unusual characteristics, a second 
culture of A. vinelandii was obtained from the same source 1 year 
later and carried through the same experiments. 

The stock cultures were preserved on dextrose agar slants kept in 
the ice box. One hundred cubic centimeters of liquid medium in 
250-cc. Erlenmeyer flasks was inoculated from the slants. These 
liquid cultures, incubated at 28° C. and transferred every 2 weeks, 
were used to inoculate the medium used in the experiments. Every 
3 months new liquid cultures were started from the stock cultures kept 
on ice. 
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The iiiedium used had the following basic composition: 

K 2 HPO 4 . ■--- -J 1.0 gm. 

MgS 04 . 7 H 20 — . — ■ 0.2 gm* 

NaCL-_- 0.2 gm. 

CaCOs . - - - ^ 0.005 gm. 

FeCl^ Trace 

M n CI 2 - ■ Trace 

Glucose — 10 gm. 

Distilled water — 1, 200 cc. 

(The pH was adjusted to 7.1 to 7.2) 


The inorganic eonstituents were added to the distilled water and 
sterilized in the autoclave at 20 pounds pressure for 30 minutes. Ten 
grams of glucose were then added and the total weight of medium was 
made up to 1,195 gm. The medium was then transferred to a sterile 
flask (fig. 3, B) in which the cultures could be aerated with sterile air. 
This sterile flask, after receiving the adjusted and partly sterilized 
medium, was autoclaved for 1 hour at 5 pounds pressure. 

After the last sterilization, the medium was inoculated with 5 cc. 
from the liquid cultures, making a total of 1,200 gm. of culture 
medium. Depending upon the experiment, the content of the flask 
was either transferred to the sterile vacuum flask (fig. 1, unit 2) 
immediately, or else inoculated and aerated with st ile air for 12 to 
24 hours at the rate of 20 liters per hour before being transferred to the 
vacuum flask of the calorimeter. 

The aseptic transfer of the medium was accomplished with the aid 
of the side arm (fig. 3, B). The tip of the side arm was placed directly 
over the entrance tube (fig. 1, N). The cotton plug and the cotton 
enveloping of the side arm were flamed and the flask was lowered until 
the plug and covering of the side arm came in contact before the flame 
was extinguished. The flask was then lowered still further, allowing 
the sharp tip to pierce the cotton covering and also the plug and 
enter the tube (fig. 1, N) of the calorimeter. Sterile air forced the 
medium into the side arm, through the opening in the side of the tube, 
figure 3, J5, and into the sterile calorimeter. 

The sterilization of unit 2 (fig. 1) of the assembled calorimeter was 
effectively accomplished by completely filling it and the entrance and 
exit tubes with a suspension of calcium hypochlorite. This was 
stirred from 12 to 24 hours and then siphoned out. The remaining 
hypoclilorite was effectively removed by aseptically filling and 
draining the calorimeter, together with the entrance and exit tubes, 
four successive times with sterile distilled water, flasks like that in 
figure 3, By being used. 

After this method of sterilizing unit 2 of the calorimeter w^as adopted, 
no contamination was found. All the experiments reported were 
carried to completion with no evidence of contamination. 

To be certain that no contaminating organism was present, cultures 
were taken from the vacuum culture flask at the end of each experi- 
ment, transferred to a sterile medium, and also examined micro- 
scopically. Subcultures were also made and examined. 

CALIBRATION RESULTS 

HEAT CAPACITY 

After the entire apparatus was reconstructed and assembled, cali- 
bration runs were made to determine the heat capacity of unit 2 which 
was to contain the growing culture. 

514451 — 43—2 
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It was found that with the changes in. unit 2 (fig. 1) its sensitivity 
was not afl'ected. Duplicate determinations showed a heat capacity 
for unit 2 of 64.8 and 64.9 calories per degree. The heat capacity of 
unit 2 includes that of the vacuum flask, the stmer, the thermal [F), 
entrance and exit tubes (J and K), and the cooling and heating units 
within the flask. 

Calibration runs were made on the sterile medium (1,200 gm.) to 
determine its heat capacity. Two measurements on the same medium 
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Figure 4. — A typical calibration run made to determine the heat-leak constant, 
stirring correction, and the aeration correction. 

gave 1,246.4 and 1,246.5 calories per degree, respectively. The heat 
capacity of each medium used was determined. 

THE HEAT-LEAK CONSTANT 

The heat-leak constant G equals the calories of heat taken up by 
the calorimeter from the bath per minute per degree that the calorim- 
eter is below the temperature of the bath. 

The heat-leak constant of unit 2 was found to have a slightly lower 
value than that found by Randall and Rossini (14) • It was reduced 
by substituting glass for the copper heating and cooling units, by 
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eliminating evaporation, and by reducing the heat leak around the 
stirrer by the installation of the airtight bearing. 

The heat4eak constant in all experiments was extremely low, 
ranging from 2.5X10“*^ to 4.0X10“’^ microvolts^ per minute per 
microvolt below the bath temperature. When converted, a typical 
heat-leak constant was 0.0486 calorie per minute per unit of O.iO^ C. 
below the batli timiperature. Figure 4 shows a typical calibration 
run and the calculations. 

HEAT CORRECTIONS 

The amount of heat added to or removed from the system by the 
stirring and aeration was determined by special experiments. The 
constant amount of heat added to the system by stirring was approxi- 
mately 0,078 calorie per minute for a stirring rate of 130 r. p. m. 

The slight cooling caused by the air flow was constant for a given 
temperature inside the ealorimeter and increased very slightly as the 
temperature of the ciilture increased. For example, in one experiment 
the correction of the stirring energy was +2.13 calories, the air cor- 
rection —2.59 calories, and the heat-leak correction. +0.81 calorie. 
This is a net correction of only +0.35 calorie for a period of one-half 
hour in a total of 57.50 calories. In this case, the net correction is 
but 0.61 percent of the total change. However, in some runs where 
the aeration rate was greater, the net correction was slightly higher. 
Inasmuch as all heat corrections were determined by special experi- 
ments which were accurate to within 10 percent, little error was 
introduced in the final results. 

OPERATION OF CALORIMETER 

To measure the heat produced, the culture was cooled from 600 to 
900 microvolts (0.4 to 0.6 of a degree) below the bath temperature by 
circulating cold air through the glass cooling coil (fig. 1, 0). Liquid 
air was used to precool the air passing through the cooling coil ; conse- 
quently the cooling of the culture required not more than 15 minutes. 
Microvolt readings of the 50-, 20-, and 10-junction thermals were taken 
every 15 to 30 minutes until the culture reached the temperature of the 
bath, which required from 2 to 6 hours, depending on the rate of heat 
production and the degree of cooling. This constituted one run. The 
microvolt readings were plotted against time. The heat corrections 
were made and the calories per hour calculated. 

; I CALCULATION OF DATA 

Figure 5 shows in detail the data and calculations of one run which 
is typical of approximately 400 which were made. It represents the 
measurements made and the procedure followed to obtain each point 
(calories per hour) on the curves of the experiments which will be 
presented. The heat measurements were made continuously during 
each experiment except for the short period of 15 minutes between 
each run. The length of runs varied generally from 2 to 6^ hours, 
depending upon the rate of respiration and the degree to which the 
culture was cooled. 


^ One microvolt is equal to le.lSSXlO-^ degrees difference in temperature. 
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SENSITIVITY OF APPARATUS 

Measurements presented in fi^ire G sbow that the apparatus used 
was so flexible and sensitive that any changes in the rate of respiration 
of the culture could be detected immediately and measured accurately. 
The speed with which measurable differences in heat production could 
be detected when moderate changes in the oxygen tension were made 
is clearly evident from the figure. Within 5 minutes after the con- 
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Figure 5. — Measurements made and procedure followed in calculating the rate 

of heat production. 

centration of oxygen was changed the temperature response was 
apparent from the microvolt readings. 

In every case where the change made in the partial pressure of 
oxygen was not more than 100 percent, less than 15 minutes was 
required for the establishment of a steady state at the new oxygen 
pressure. This is shown by the fact that the culture would make its 
total change in the rate of respiration in this sliort period and then 
proceed at a constant rate. It is evident from the straight lines 
obtained over such long periods, that conditions were carefully 
controlled. 

Where the partial pressure of oxygen is suddenly reduced to a small 
fraction of the original pressure, considerable time is required for the 
culture to reach a steady state at the lower value. In certain experi- 
ments the partial pressure of oxygen was suddenly decreased to one- 
twentieth and in certain experiments to as low as one two-hundredths 
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of the initial value. It is obvious that considerable time would be 
necessary even with vigorous aeration for the culture to reach a 
steady state of ^respiration. The author determined the miniinum 
time required to reduce the concentration of oxygen from 18 to 0.1 



TfM£ TIME 


Figure 6.- — Graphs showing the speed with which changes in the rate of respira- 
tion of the culture (caused by moderate changes in the partial pressure of 
oxygen) could be detected with the calorimeter used. The arrow indicates 
the time the new gas mixture reached the culture. The figures separated 
by the arrow show the percent of oxygen used and the rate of respiration 
both calculated and observed. A, Experiment N, runs 4 and 5; jB, experi- 
ment R, runs 7 and 8; C, experiment N, runs 5 and 6; Z), experiment 0, 
runs 14 and 15. 

percent in the culture by aerating it with a gas mixture containing 0.1 
percent oxygen until the rate of respiration became constant. 

In one experiment a culture that was free from combined nitrogen 
was inoculated and aerated for 48 hours with air. The culture was 
then transferred to the sterile calorimeter, as described, and aerated 
with a gas mixture containing 18 percent oxygen until the rate of 
respiration, as measured by both the heat and CO 2 evolved, became 
constant at 105 calories per hour. Nitrogen containing 0.1 percent 
oxygen was then bubbled through the well-stirred medium at the rate 
of 14 liters per hour. Heat and CO 2 measurements were made to 
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deteriixine tlie time required for the culture to reach a constant rate 
of respiration with the new gas mixture. The data are shown in 
figure 7 A, 

The heat measiuements show that 15 minutes after aeration was 
begun with nitrogen containing 0.1 percent oxygen the rate of respira- 
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Figure 7. — The time required for cultures to reach a steady state with respect 
to the rate of respiration at the new oxygen pressure when the partial pressure 
of oxygen is suddenly decreased to a small fraction of the initial pressure: 
A, N2 fixation; NH4 assimilation; C, NO3 assimilation. 



tion dropped to only 42 calories per houi*, which represents a 60 per- 
cent decrease in the first 15 minutes. After 5 hours, the rate of respi- 
ration was 4 percent greater than at 15 hours. The rate of respiration 
did not reach a constant value until at least 10 hours after the 0.1 
percent oxygen-gas mixture reached the culture. The final CO 2 meas- 
urements at 13 and 15 houi's confirm the heat measurements. The 
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obviously high CO 2 point at 5 hours was caused by a slight mixing of 
the last portion of CO 2 produced at 18 percent oxygen and that pro- 
duced at 0.1 percent. The mixing took place in a 20-liter air cushion 
through which the gas passed after leaving the culture on its way to 
the CO 2 absorbing towers. This air cushion was removed after this 
test. 

In another experiment, a culture assimilating the ammonium ion 
was allowed to reach a constant rate of respiration (125 calories per 
hour) at 20 ]n'i'C(‘iit o.xygen. The culture was then suddenly subjected 
to nitrogen gas containing 0.1 percent oxygen and the rate of respira- 
tion was d(U('rmined continuously until it reached a constant value. 
The data obtained are shown in figure 7, B. Here, again, the rate of 
respiration droppt'd vmv rai)idly during the first 2 hours. It required 
7 hours, how('V('r, for the culture to reach a constant rate of respiration. 

A similar cxpeiiment was carried out in which a culture was assimi- 



Figure 8. — The rate of respiration of Azotobacter (in a nitrogen-free medium) 
with 90 percent oxygen as influenced by the rate of aeration. 


lating the nitrate ion. Tbe culture, respiring at a constant rate of 
150 calories per hour in 20.4 percent oxygen, was suddenly subjected 
to nitrogen containing 1 percent oxygen and the rate of respiration 
was followed continuously until it reached a constant value. The 
data are shown in figure 7, C. Fifteen hoxu's were required for the 
culture to reach a steady state after the partial pressure of oxygen 
was reduced to one-twentieth of the initial value. 

It is evident that when the partial pressure of oxygen in a ciilture 
is suddenly decreased as much as one two-hundredth of the initial 
pressmn considerable time is required for the culture to reach a steady 
state at the lower oxygen tension even when it is aerated vigorously 
and stirred mechanically. 

RATE OF AERATION 

To demonstrate that the gas-liquid interface supplied adequate 
oxygen at all times and effectively removed the CO 2 , the following 
experiment was carried out: A culture of Azotobacter , feing nitrogen 
was aerated at different rates varying from 0 to 23.5 liters per hour 
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with 90 percent oxygen. All the gas passed through the medium 
which was also mechanically stirred at the normal rate. The rate of 
heat production was measured for each aeration rate and the oxygen 
consumed was calculated from the heat produced. The percentage 
of available oxygen utilized was calculated and is shown by the lower 
curve of figure 8. The rate of respiration at the different rates of 
aeration is shown by the upper curve. 

The data show clearly that an adequate gasffiquid interface is 
absolutely necessary if respiration is to proceed at a maximum rate. 
It is seen that a gas-liquid interface supplied by an aeration rate of 14 
liters per hour was required to remove the C ()2 and supply the neces- 
sary oxygen for a maximxim rate of respiration. From the lower 
curve it is evident that the culture did not suffer from lack of oxygen 
when the aeration rate was 6 liters per hour, yet the increased gas- 
liquid interface resulting from the increased rate of aeration caused 
an increase in the rate of respiration. However, a 67-percent increase 
in the rate of aeration above 14 liters per hour with a corresponding 
increase in the gas-liquid interface did not increase the rate of respira- 
tion. This shows definitely that at 14 liters per hour the culture had 
reached a steady state with respect to the rate of respiration. In 
other experiments with oxygen concentrations below that of the air, 
the rate of aeration was in many cases doubled with no increase in 
the rate of respiration. 

RESULTS WITH CALORIMETER 

If Azotohacter oxidizes glucose to CO 2 and water, without the 
accumulation of intermediate or partly oxidized compounds, the CO 2 
evolved should give a direct measure of the amount of glucose oxidized 
and the oxygen consumed. One can then calculate how much beat 
should be liberated by the amount of CO 2 evolved. This amount of 
energy should be equal to that actually measured in the calorimeter. 
The amount of energy used for the nitrogen-fixation process is prob- 
ably insignificant as compared to that liberated as heat. 

In order to study the rate of respiration of a culture of Azotohacter 
from the time of inoculation, the calorimeter was assembled and 
carefully sterilized with a heavy suspension of calcium hypochlorite 
as described. The sterile medium was inoculated and immediately 
1,200 gm. was transferred aseptically to the sterile va,cuiim ffask of 
unit 2 of the calorimeter. Aeration with 19 percent oxygen was be- 
gun at once and heat and CO 2 measurements were made continuous^ 
for 96 hours. The results of this experiment are shown in figure 9. 
The measured heat in calories produced per hour and the amount of 
heat that should have been produced during the same period as 
calculated from the CO 2 evolved are plotted against time. 

The rate of air flow through the culture in this experiment was 14 
liters per hour, which removed the CO 2 as fast as formed. Under 
these conditions only 0.48 percent of the available oxygen was utilized. 
As the source of air supply was from compressed air tanks, the partial 
pressure of oxygen in the system was constant at 0.19 atmosphere 
throughout the experiment. " 

The close agreement that exists between the measured and the 
calculated heat evolved during the entire experiment shows that the 
glucose was primarily oxidized to carbon dioxide and water (and of 



Mar. 15, 1943 Apparatus for Studying Respiration of Asotobacter 


245 


course to the products of cell growth and the other normal products 
of the reactions of the cells) without a measurable accumulation of 
intermediate products. It is also evident that under these optimum 
aerobic conditions, and at this concentration of oxygen, no anaerobic 
respiration took place, with the result of a respiration quotient of 
unity. 

For the fii’st 8 hours, little or no growth took place. From the 
eighth to the thuty-sixth hour, the number of liv ing organisms 
increased rapidly, thus accelerating the rate of heat and COj produc- 
tion. After the thirty-sixth hour, the rate of respiration became 
constant and remained so to the end of the experiment. Here the 
number of living organisms was constant, as indicated by the constant 
rate of heat and CO 2 production. The curve, moreover, shows clearly 
the growth phases discussed by Buchanan (-3). 

The results reported in figure 9 serve admirably to show what 
changes may occur in the efficiency with which the cells utilize oxygen, 



Figure 9. — The rate of respiration of Azotohacter (while fixing nitrogen) from 
the time of inoculation, under a partial pressure of 0.19 atmosphere of 
oxygen. The two points designated by the asterisk -were obtained while 
the mechanical stirrer was being repaired. This decrease in the rate of 
respiration indicates the absolute necessity of adequate stirring as well as 
vigorous aeration. 

and liow tlie efficiency varies as the age of the culture increases. From 
inoculation to the thirty-sixth hour, the number of living cells rapidly 
increased, as shown on the graph by the increasing rate of heat and 
CO 2 production. Dming this period, the utilization of oxygen per cell 
was very high, though not necessarily higher than when the number of 
living cells became constant. After the thirty-sixth hour, the number 
of living cells apparently reached a maximum and remained constant 
throughout the experiment, as determined by CO 2 and heat measure- 
ments. 

Although the number of living cells remained constant, new cells 
were rapidly being formed. (Direct evidence supporting this state- 
ment is presented in detail in a later paper (8 ) .) This increase in the 
new cells was offset, however, by the old cells dying at the same rate. 
During this period (thirty-sixth to ninety-sixth hour) when both the 
number of living cells and the rate of oxygen consumption (measured 
by both CO 2 ^nd heat production) remained constant, it appears that 
the efficiency of oxygen consumption per cell is constant and does not 
decrease with age. 
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Evidence that only the living cells were responsible for the oxygen 
consumed and the CO 2 evolved was obtained by measm^emeiits before 
and after the culture was killed with mercuric chloride. In one ex- 
periment, the observed heat and the heat calculated from the CO 2 
evolved were 47 and 44 calories per hour, respectively. Upon the 
addition of mercuric chloride to the culture, the observed heat pro- 
duction. fell immediately to zero while the rate of CO 2 production was 
equivalent to only 7 calories per hour. This apparent slow rate of 
CO 2 production after the addition of mercuric chloride was easily 
accounted for by the fact that considerable time was required to 
remove completely the last traces of COo even with vigorous aeration 
and stirring. At the end of 3 hours of aeration no more carbon 
dioxide was evolved, 

DISCUSSION 

For a culture of Azotohacter to carry on its normal metabolic proc- 
esses, it must have at all times an adequate amount of oxygen and at 
the same time the end products must be removed effectively as fast 
as formed. In certain experiments reported in the literature where 
few or no precautions were taken to remove the COo or to supply 
an adequate amount of free oxygen in the proper manner, it is to be 
expected that the behavior of Azotohacter would differ from that in 
the present experiments. 

In view of the fact that a respiratory quotient of unity was obtained 
in these studies under controlled conditions, a review of certain of 
Bonazzi’s experiments is desirable. 

Bonazzi (S), in apparent agreement with other workers, reports 
CO 2 : O 2 ratios from three experiments of 1.08, 1.07, and 1.09, respec- 
tively. Bonazzi’s experiment No. 44 {2, p. 338) reports that the air 
above the medium contained 309.4 cc. of CO 2 and that 286.2 cc. of 
oxygen were consumed. The apparent ratio CO 2 : O 2 is 1.08 as 
calculated by Bonazzi. However, all the CO 2 produced by the culture 
was not considered in the calculation. If the partial pressure of CO 2 
above the medium had been kept near that in air, practically all the 
CO 2 dissolved in the medium would have been found in the gas 
phase. Titration revealed 50.70 mg. or 25.8 cc. of CO 2 in the medium. 
This makes a total of 335.2 cc. of CO 2 produced by the organisms 
while only 286.2 cc. of oxygen was consumed. The true ratio 
CO 2 : O 2 should be 1.17 and very probably would have been greater 
if the incubation period had been longer or the medium more heavily 
buffered. When the total CO 2 produced in these experiments is con- 
sidered, it is clearly evident that intramolecular respiration proceeded 
under such unfavorable conditions. 

Meyerhof and Burk (13) present data on the efficiency of oxygen 
utilization as determined hj total respiration and introduce the 
term ''QO 2 ” to represent the total respiration per milligram of dried 
cells per hour. It was pointed out that the efficiency with which 
Azotohacter cells can utilize oxygen is very high in young cultures, and 
decreases very rapidly with increasing age of the culture. In these 
measurements, the dry weight of the total number of cells without 

s The oxygen consumed was not measured directly but was calculated from the calories of heat evolved 
according to the reaction mentioned earlier. 
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distinction between the living and the dead was used in calculating 

QO2. 

In measinhig tlie {dhciency of oxygen utilization, care must be 
taken to credit th(‘ oxygen consumption only to the living cells and 
not to tlie total number of cells in the culture. In an old culture 
the total number of (alls ])resent is by no means an indication of the 
numbe'r of living cdls. 

From thes(^ consiih^rations, it is obvious that measurements of the 
rate of oxygam (‘onsumption per living cell over the entire life of the 
culture nuain nothing if the total nuinber of cells is determined, be- 
cause only th(‘ living cdls are utilizing the oxygen. From this, the 
results of ]M(‘y(‘rhof jukI Burk are what one would expect and, in 
fact, what on(‘ might (Uisily predk*t. It is also obvious that the 
amount of oxyg(‘n consuimHl ptw unit of dry weight of cecils per hour 
must d(au*eas(‘ sima; dead ccdls increase in number almost from the 
beginning and continue to do so throughout the life of the culture. 
On tlie otluu* liand, tlie number of living ccdls, which alone consume 
the oxygen, very soon, reaches a maximum and then, after a period, 
begins to decline. 

SUMMARY 

A differential calorimeter wuis rebuilt so that the heat and carbon 
dioxide liberatc'd by a culture of bacteria could be measured simul- 
taneously over tlu^ entire range of oxygen partial pressures from 0.001 
to 1.0 atmosphere. 

The apparatus was so designed that the culture could be vigorously 
aerated with any gas mixture. The vigorous aeration, assisted by the 
rapid mechanical stirring, presented such an enormous gas-liquid 
interface to the culture that adequate oxygen at the partial pressure in 
question was insured and at the same time the carbon dioxide was 
effectively removed as fast as formed. 

The heat and carbon dioxide produced could be measured accurately 
overlong periods of time. 

The calorimeter was so sensitive that sudden changes in the rate of 
respiration caused by changes in the partial pressure of oxygen were 
quickly revealed by the heat measurements. 

The experiments presented demonstrate the need of vigorous aera- 
tion and stirring to obtain a maximum rate of respiration. 

With a constant partial pressure of oxygen approaching that in the 
air, the growth phases of a culture of Azotobacter were accurately 
followed. 

From the carbon dioxide produced and the oxygen consumed (as 
calculated from the calories of heat evolved) the respiratory quotient of 
Azotobacter was determined when the partial pressure of oxygen was 
near that in air. 

Azotobacter produced the maximmn amount of heat possible from 
the oxygen utilized. This was found to be true eycm in old cultures, 
which indicates that the efficiency of oxygen utilization per living 
cell remaiiis constant with increasing age of the culture. 
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RELATIONSHIP OF CERTAIN CHARACTERISTICS 
OF SEED COTTONS TO GINNING ' 

By W. Sharbott Smith, formerly jwmor cotton technologist, William J. Martin, 

associate cotton technologist, Agricultural Marketing Administration, and Norma 

L. Pearson, associate cotton technologist, Bureau of Plant Industry, Agricultural 

Research Administration, United States Department of Agriculture 

INTRODUCTION 

The removal of the lint fibers from cotton seeds by means of gin 
saws is not purely mechanical in the sense that all variables which may 
affect the processes are equal for all lots of seed cotton. Ginning 
performance and efficiency vary not only with the ginning organiza- 
tion and mechanical perfection of the machinery but also with the 
seed cotton being processed.- 

The possibility that varietal characteristics may influence the time 
and energy required to gin unit weights of seed cotton is one of the 
many problems arising out of the general investigations being con- 
ducted by the United States Department of Agriculture to enhance 
cotton lint quality through selection and breeding, and through 
improvement of ginning operations. 

Differences in ginning performance of several seed cottons were 
described as early as 1879 by Watson, who was one of the pioneers in 
cotton ginning research.'^ Watson measured the time and energy 
consumed in ginning each of a number of widely different cottons. 
From these studies he found that Indian cotton, Egyptian cotton, and 
Indian-grown American cotton differed noticeably in their ginning 
requirements. He states (Vol. 1, p, 61): 

The difference thus shown to exist between the several varieties of cotton in 
respect of the power consumed in their cleaning can be accounted for in two ways: 
differences in the strength of the attachment of the fibre to the seed and differences 
in the roughness of the seed.^ 

Roughness applies to the degree of fuzziness. Watson’s statements 
imply that large, fuzzy seeds remain in the seed roll longer and retard 
the action of the gin saws. 

1 Received for publication June 25, 1942. The cotton varieties studied were grown at Stoneville, Miss., 
through cooperation with the Delta Branch Experiment Station, and the glnnirig tests were performed at 
the U. S. Cotton Ginning Laboratory at Stoneville in cooperation with the Bureau of Agricultural Chem- 
istry and Engineering. 

2 Bennett, C. A., and Gerdes, F. L. effects of gin-saw sfeed and seed-roll density on quality 
OF COTTON LINT AND OPERATION OF GIN STANDS. U. S. Dept- Agr. Tcch. Bul. 503, 40 pp., illllS. 1936. 

Gerdes, P. L., and Bennett, C. A. effect of artificially drying seed cotton before ginning on 
CERTAIN quality ELEMENTS OF THE LINT AND SEED AND ON THE OPERATION ON THE GIN STAND. U. S. 
Dept. Agr. Tech. Bill. 508, 62 pp., illus. 1936. 

Gerdes, F. L., Johnson, A. J., and Bennett, C. A. effect of cleaning seed cotton on lint quality 
AND ginning efficiency. U. S. Dept. Agr, Tech. Bul. 663, 64 pp., illus. 1939. 

3 Watson, fj.] F. report on cotton gins, and on the cleaning and quality of Indian cotton 
2 V. London. 1879, 

4 Watson uses the word “cleaning” in the same sense that the word “ginning” is now used, to describe the 
process of removing the fibers from the seed. 
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Federow, ® a more recent investigator, makes a theoretical analysis 
of cotton ginning. He considers strength of fiber attachment to the 
seed coat as one of the principal factors affenting the difference in 
power required to gin seed cottons. He estimates the strength of 
fiber attacliment to the seed coat to vary from about 2 to 2.7 gm. per 
single fiber. Federow states [p, 4): 

Now, in the last analysis, the power required for ginning depends upon the 
amount of work each tooth of the gin saw does in pulling the fibers off the seed 
coat. Each time the tooth enters the roll it will tear, on the average, 100 fibers 
from the seed. To do this work, 200 to 270 grammes (.444 to .6 lb.) pulling 
strength must be exerted. 

His analysis also contains statements which suggest that the number 
of fibers per pound of lint, the percentage of lint, and other factors 
that determine the number of fibers removed frorn the seed by each 
saw tooth passing through the roll may affect the time and the energy 
consumed in ginning. 

Although it is a common opinion among cotton ginners that certain 
lots of cotton may gin more rapidly than others, no definite informa- 
tion is available to show whether there are marked differences in 
ginning efficiency among American upland cottons. During the years 
1936 and 1937, ginning tests were made at the United States Cotton 
Ginning Laboratory at Stoneville, Miss., to gain information on this 
point and to ascertain whether certain seed-cotton properties were 
responsible for such differences as might be found to exist. 

MATERIALS AND METHODS 

Seed cottons for the ginning tests were obtained from special plant- 
ings at the Delta Branch Experiment Station, Stoneville, Miss., in 
1936 and 1937. The same 16 varieties were planted both years, but 
in 1937 another variety, Slick-seeded Acala, ® \yas added. In 1936, 
approximately one-eighth acre of each variety was planted; in 1937 
the variety plots were increased to approximately one-fourth acre each. 
In 1936, the varieties were harvested in 3 pickings each, but the entire 
yield of each variety was thoroughly mixed before it was divided into 
triplicate ginning lots. In 1937 each variety was harvested in 2 
pickings. The yields from each variety were sufficient for 4 ginning 
tests for each picking or a total of 8 ginning tests for each variety. In 
all, 184 lots of seed cotton w^ere tested, 48 (16X3) in 1936 and 136 
(17X8) in 1937. 

A ginning-test lot consisted of 30 pounds of seed cotton W'cighed after 
a period of storage and after all varieties wTre practically uniform 
with respect to moisture content. The tests vrere made on a 10-inch 
diameter, 20-saw gin with a plain front, operated at a saw speed of 
570 r. p. m. A separate electric motor was used to drive the saw 
mandrel, thus making it possible to measure the number of watt- 
hours of electrical energy required to drive the saws only during each 
test. The electrical energy consumed was measured by means of a 
kilowatt-hour meter of standard type but designed for small readings. 
It was found that the most satisfactory method of reading the meter 
was to count the number of revolutions of the aluminum disk mounted 
on the main shaft of the meter. The disk was marked off into eight 

S Federow, W. S. cotton ginning research. Cotton and Cotton Oil News 34 (20): 3-4, 1933s 

8 This ^f^Uon is not a commercial variety. 
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equal divisions and the readings were made to one-eighth of a revolu- 
tion of the disk. One revolution of the disk was equivalent to 4 watt- 
hours. 

In performing the tests, an effort was made to eliminate or control 
all variables that might affect the ginning time or the energy consumed 
except the inherent properties of the seed cottons representing the 
several varieties. Friction variation was eliminated to some extent by 
allowing the machinery to run idle each morning before starting the 
tests until two successive readings of the watt-hour meter indicated 
that the energy required to overcome the friction of the machinery had 
reached a practically constant figure. The order of ginning the 
difi‘erent varieties in each series was determined by lot. 

Before a test was started, 10 pounds of seeds from previously ginned 
cotton of the variety to be tested were placed in the roll box. A hand- 
ful from the 30-pound sample of seed cotton was mixed with this seed 
roll to insure good operation. The breast was then lifted from the 
saws and the motor was started. When the saws had accelerated to 
the required speed, and at a signal from the timekeeper, the breast 
was lowered and ginning commenced. With a stop watch, the time- 
keeper measured the ginning time which began when the gin breast 
was lowered to the revolving saws and ended when the seed roll 
ceased mtating at the end of the test. The timekeeper also counted 
the number of revolutions of the disk of the watt-hour meter during 
the same period of time. 

The 30-pound seed-cotton sample was fed by hand and at such a 
rate that the seed roll remained very soft and at approximately a 
constant density throughout the test. Securing and maintaining a 
uniform seed roll density for every test was especially important. 
The personal element entered into this, however, because the density 
was determined by the gin operator on the basis of observation and 
“feel.^^ Ginning was continued on each lot of cotton until the seed 
roll became too soft to rotate. This gave a uniform cleaning of the 
seeds for different varieties and a definite stopping point for the 
measurement of the ginning time. 

The total wuitt-hours consumed during each test includes the amount 
of electrical energy needed to run the machinery alone as well as the 
amount required to gin the cotton. The net energy that would have 
been required to turn the unloaded machinery was computed by 
counting the revolutions of the meter disk while running the machinery 
idle for 1 minute immediately preceding and for 1 minute immediately 
following each test, by averaging the two readings, and by multiplying 
the average by the number of minutes the test consumed. The net 
energy required to run the machineiy subtracted from the total energy 
gives the net energy consumed in ginning the cotton. 

Data obtained from each test were: (1) Time required to gin 30 
pounds of seed cotton; (2) watt-hours of electricity consumed in 
driving the saws during the test, (3) watt-hours of electricity ^ con- 
sumed in driving the saws when not ginning for periods of 1 minute 
before and after each test; and (4) weights of lint, seeds, and mote 
waste. From these data were obtained: (1) Time required to gin 
enough seed cotton to produce 10 pounds of lint; (2) net energy in 
watt-hours consumed in ginning 30 pounds of seed cotton and 10 
pound of lint; and (3) lint percentage. 
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Samples of seed cotton, lint, and seeds were taken for moisture 
determinations and for laboratory measurements of their respective 
properties. The lint index, seed index (weight of 100 seeds), and the 
percentage of fuzz fiber by weight on the seeds were obtained each 
year for each variety. Measurements of strength of fiber attachment 
to the seeds w^ere made for each variety of the 1936 crop. 

RESULTS AND CONCLUSIONS 

The data concerning the time and energy consumed in ginning unit 
weights of seed cotton were, on the whole, consistent for the 2 crop 
years. Because of the larger number of replications for the 1937 
crop, however, more reliance can be placed upon the data for that 
year than upon the data for the 1936 crop. 

Each year appreciable differences were found between varieties in 
the average time required to gin them (tables 1, 2, and 3). The 
varieties tended to behave consistently throughout the series of tests 
for each year and those varieties that ginned most rapidly in 1936 
tended to do likewise in 1937. The average time for 30 pounds of 
seed cotton from the 16 difierent varieties ranged from 9.7 to 13.0 
minutes in 1936 and from 10.3 to 16.8 minutes in 1937. Slick-seeded 
xicala, a variety tested only in 1937, required the least time of all, 
7.9 minutes. 


Table 1. — Mean time required and mean energy consumed in ginning seed cotton 
and lint fro7n each of 16 varieties groion at Stonemlle, Miss., 1936^ 


Variety 

Ginning 

time 

required for 
30 pounds 
of seed 
cotton 

Ginning 

time 

required for 
enough 
cotton to 
yield 

10 pounds 
of lint 

1 

Total 
energy 
consumed 
in ginning 
^ 30 pounds 
of seed 

1 cotton 

Net energy 
consumed 
in ginning 
30 pounds 
of seed 
cotton 

Net energy 
^ consumed 
in ginning 
enough 
cotton to 
[ yield 

10 pounds 
of lint 


Minutes 

Minutes 

' Watt -hours 

Watt-hours 

Watt-hours 

Acala (Rogers) 

9.7 

9.2 

! 199.6 

90.0 

84.4 

Arkansas No. 17 

9.8 

10.7 

i 206. 0 

95. 2 ' 

103. 6 

Cleveland ( Wannamaker) .. 

11.2 

11.0 

225. 2 

95.0 

93. 6 

Cook No. 912 

10.6 

11.0 

211.2 

90.4 

94.0 

Delfos No. 4 

12.5 

12.9 

235 2 

95.6 

99. 6 

Deltapine i 

10.8 

9.7 

218.0 

94.8 

85. 6 

Dixie Triumph No. 759 

9.7 

10,5 

196.0 

87.2 

94.4 

Farm Relief No . 2 - 

13.0 

12.7 

2.57. 2 

110. 8 

107. 6 

Half and Half 

12.4 

10. 0 

230.8 

90. 8 

114.8 

Mexican Big Boll ... 

12.4 

12.3 

242.8 

104. 0 

103. 6 

Qualla.-- - 

11.7 

10.0 

225.6 

100. 0 

81.2 

Rowden No. 2088 

12.3 

12. 5 

241. 2 

109. 2 

110. 8 

Startex No. 619 

10.7 

10.4 

211.6 

92.4 

88.0 

Stoneville No. 6.. 

10.9 

11.0 

218. S 

95. 6 

97. 6 

Triumph No . 44 

10.1 

10. S 

200. 0 

89. 2 

95. 6 

Wilds No. 5 

10.9 

12.5 

228. 8 

105. 6 

120. 4 

Standard error of difference between 






means of varieties ! 

Least difference between means of 
varieties significant at odds of 99 

. 57 

.54 

8. 96 

4. 07 

4. 32 

to 1 1 ■ 

1. 57 

1.48 

24. 64 

12.84 

11.88 


1 Mean of 3 tests. 
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Table 2 —Mean time required and mean energy consumed in ginning seed cotton 
and lint from, each of 17 varieties grown at Stoneville, Miss.y 1937 ^ 


Variety 

Ginning 

time 

required for 
30 pounds 
of seed 
cotton 

Ginning 

time 

required for 
enough 
cotton to 
yield 

10 pounds 
of lint 

Total 
energy 
consumed 
in ginning 
30 pounds 
of seed 
cotton 

Net energy 
consumed 
in ginning 
30 pounds 
of seed 
cotton 

Net energy 
consumed 
in ginning 
enough 
cotton to 
yield 

10 pounds 
of lint 


Minutes 

Mimites 

Watt-hours 

Watt-hours 

Watt-hours 

Aeala (Rogers) 

1,1. 1 

10.2 

198.0 

64.4 

59. 6 

Aeala (Slick-seeded) 

7.9 

7,6 

152. 4 

56.0 

53. 6 

Arkansas No. 17 

12.4 

12.4 

216. 8 

69.6 

71.2 

Cleveland ( Warmainaker) _ 

13. 6 

12.9 

233.2 ; 

67. 6 

64. 0 

Cook No. 912 - 

12.5 

12.3 

218.0 ; 

67. 2 

67. 6 

Delfos No. 4. 

14.0 

13. 5 

242.8 I 

74.0 

71. 6 

Deltapine 

13.3 

11.3 

237.6 

72.8 

61. 6 

Dixie Triumph No. 759 

11. 7 

11.5 

211.6 

67.6 

66.4 

Farm Relief No. 2. . 

16.8 

15.4 

297. 2 

93.6 

86. 0 

Half and Half 

13. 0 

10. 3 

228.4 

72.0 

57.2 

Mexican Big Boll 

13.8 

13. 1 

. 244.0 

76.0 

72.4 

Qiialla 

12.9 

11.2 

224.4 

68.8 

59. 6 

Rowden No. 2088 

15.7 

15. 2 

272.8 ' 

80.8 

78.4 

Startex No. 619. 

10.3 

9.9 

186.0 

59.2 

56. 4 

Stoneville No. 5 

11.6 

10.8 

209.2 

67. 2 i 

62. 4 

Triumph No. 44 

12.3 

12.0 

220.0 

68.8 1 

67. 6 

Wilds No. 5 

13.5 

13.9 

243.6 

76.8 

79.2 

Standard error of difference between 






means of varieties 

Least difference between means of 
varieties signiflcant at odds of 99 1 

.26 

.24 1 

4.53 

1.71 

1.57 

to 1 - 

.68 

.63 

11.90 

4.49 

4. 12 


1 Mean of 8 tests. 


Table 3. — Results of variance analyses of data concerning the time {minutes) and — 
energy (watt-hours) required to gin SO pounds of seed cotton and 10 pounds of lint 
for 16 varieties groum in 1936^ and 17 varieties grown in 1987 at Stoneville, Miss. 

1936 


Mean square 


1 

Source of variance 

i 

; Degrees 
of free- 
dom 

Time re- 
quired 
, to gin 30 
pounds of 
seed cotton 

Time re- 
quired to 
gin enough 
cotton to 
yield 10 
pounds of 
lint 

Total 
energy 
consumed 
in ginning 
30 pounds 
of seed 
cotton 

Net energy 
consumed 
in ginning 
30 pounds 
of seed 
cotton 

Net energy 
consumed 
in ginning 
enough cot- 
ton to yield 
10 pounds 
of lint 

Varieties 

15 

3. 49** 

4.05** 

912.44** * 

156. 72** 

406. 96** 

Series,. 

2 

1. 18 

.96 

547. 84* 

534. 56** 

342. 96** 

Error... ' 

30 

.49 

! .44 

120. 32 i 

32. 72 

27. 92 

Total 

47 

1.48 

1.61 

391.31 ' 

93. 65 

162. 30 

1937 

Varieties 

16 

31.86** 

31.68** 

8,422.68** 

579.00** 

634. 40** 

Harvestings 

1 

7 oe** 

43.82** 

1,574.88** 

64.00* 

908. 96** 

Variety X harvestings 

16 

.52* 

.44* 

146. 48* 

24.00* 

21. 92** 

Series within harvestings 

6 

1. 29** 

1. 22** 

396. 04** 

101.32** 

97.64** 

Error,.., ... 

96 

.28 

.24 

82. 00 

11. 68 

9.88 

Total - 

135 

4. 15 

4.36 

1, 103. 17 

84. 74 

95. 89 


*3ignificant at the 5-percent level; **significant at the l-pereent level. 
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The ginning time on the basis of 10 pounds of lint gave values 
practically as widely dispersed and as consistent as the values for 30 
pounds of seed cotton (tables 1 and 2). The respective order of varie- 
ties in regard to rapidity of ginning, however, was changed consider- 
ably because of differences in lint percentages (tables 4 and 5). 

Variance analyses of the data show that for each year there are 
significant differences among the varieties in the time required to gin 
either 30 pounds of seed cotton or enough seed cotton to produce 10 
pounds of lint (tables 1, 2, and 3). In general, a difterence of 1.57 
minutes in the ginning time for 30 pounds of seed cotton, and 1.48 
minutes in the ginning time for 10 pounds of lint, between any two 
variety means of the 1936 crop, can be considered highly significant 
(odds 99:1). Similarly, a difference of 0.68 minute in the ginning 
time for 30 pounds of seed cotton, and 0.63 minute in the ginning 
time for 10 pounds of lint, between any two variety means of the 
1937 crop can be considered bighly significant. 


Table 4. — Beed-cotton properties of the varieties grown at Stoneville, Miss., in 19S6 


Variety 

Seed 
index i 

Fuzz 
fibens by 
weight 2 

Lint 3 

Number of 
fibers in 30 
pounds of 
seed cotton 

Mean 
strength 
of fiber 
attach- 
ment to 
seed ^ 

Mean 
strength of 
fiber attach- 
ment X num* 
ber of fibers 
in 30 pounds 
seed cotton 


Grams 

Percent 

Percent 

Hundred 

thousands 

i 

Grams 

Hundred 

kiloQrams 

Acala (Rogers) 

11.1 

9.2 

35.3 

13,367 i 

1. 278 

17, 083 
13, 583 

Arkansas No. 17 

10.7 

10. 1 

30.7 

9,723 

1. 397 

Cleveland (Wannamaker) 

10.5 

14.0 

34. 3 

11,680 

1. 125 

i 13, 140 

Cook No. 912 - 

8.8 

11.0 

32. 0 

12, 715 

1. 202 

15, 283 

Delfos No. 4 - 

10.2 

11.5 

32.3 

10, 780 

1.169 i 

12, 602 

Deltapine 

9.4 

11.9 

37.0 

13, 040 

1. 107 

14, 435 

Dixie Triumph No. 759 

9.9 

10.3 

30.7 

10, 266 

1.382 

14, 188 

Farm Relief No. 2 

11.8 

15. 6 

34.3 

11,260 

1. 340 

15. 088 

Half and Half 

9.1 

9.6 

41.0 

14, 785 

1.229 

18. 171 

Mexican Big Boll 

12.2 

12.9 

33. 7 

11,499 

1. 254 

14,420 

Qualla 

11.3 

11. 3 

39.0 

12, 790 

1. 153 

14, 747 

Rowden No. 2088 

11.9 

13.8 

32.7 

9, 424 

1. 438 

13, 552 

Startex No. 619 - 

11.0 

8.6 

34.3 

11,213 

1. 736 

19, 466 

Stoneville No. 5 

9.8 

11.4 

33. 0 

12. 888 

1. 436 

IS, 507 

Triumph No. 44.. 

10.6 

11.3 

31. 0 

10, 799 

1. 275 

13, 769 

Wilds No. 5 

12.0 

10.6 

29. 3 

11,097 

1. 138 

■12,628 

Average. 

10.6 

11.4 

33.8 

11,708 

1. 291 

15, 041 


5 Average of 10 samples of 100 seeds. 

2 Average of 3 determinations. 

3 Average of 3 ginning tests. 

^ Average of 256 fibers from each of 16 seeds. 


Most of the foregoing discussion with regard to time applies equally 
well to energy. Varieties diflPered considerably as to the total amount 
of energy (watt-hours), as w^ell as the net energy required to gin them. 
The varieties tended to behave consistently throughout the series of 
tests for each year, and those that required the most energy for ginning 
either 30 pounds of seed cotton or 10 pounds of lint in 1936 did like- 
wise in 1937 (tables 1 and 2), As in the case of time, the amount of 
energy required to gin Slick-seeded Acala was least of all. 

Variance analyses of the data showed that in both 1936 and 1937 
there were statistically significant differences among varieties in both 
total and net energy consumption (tables 1, 2, and 3). In general, a 
difference of 12.84 watt-hours in net energy required to gin 30 pounds 
of seed cotton, or 11.88 watt-hours in net energy required to gin 
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Table 5. — Seed-cotton properties of the varieties grown at Stoneville, Miss., in 1937 


Variety 

Seed index 

Fuzz fibers by weight 

Lint 

First 
pick- 
ing 1 

Second 
pick- 
ing 1 

Aver- 

age 

First 
pick- 
ing 2 

Second 
pick- 
ing 2 

Aver- 

age 

First 
pick- 
ing 2 

Second 
pick- 
ing 3 

Aver- 

age 


Grams 

Grams 

Grams 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Acala (Rogers) 

13. 9 

14.0 

14. 0 

8.7 

8.8 

8.8 

37.0 

35.3 

36.2 

Acala (Siick-seeded) 

14.4 

14. 5 

14.4 

5.2 

5.1 

5.2 

36. 0 

34.0 

35. 0 

Arkansas No. 17 

12. 5 

12.6 

12.6 

9.8 

9.5 

9.6 

33. 3 

31.7 

32. 5 

Cleveland (Wannainaker) _ _ 

12. 5 

12.8 

12.6 

12.3 

13.0 

12.6 

36.7 

33.7 

35. 2 

Cook No. 912...- 

10. 9 

10.7 

10.8 

10.0 

10.3 

10.2 

35. 0 

33.0 

34. 0 

Delfos No. 4 

11.8 

12.2 

12.0 

11.6 

11.4 

11.5 

35. 3 

33.7 

34. 5 

Deltapine 

10.9 

11.0 

11.0 

10.4 

11.3 

10.8 

40.7 

38. 3 

39. 5 

Dixie Triumph No. 759 

11.4 

11.3 

11.4 

8.5 

9.2 

8.8 

35. 0 

33. 0 

34.0 

Farm Relief No. 2 

14.3 

■ 14.7 

14. 5 

14.6 

13.7 

14.2 

37. 0 

35.3 

36.2 

Half and Haif-^-- 

11. 1 

11.3 

11. 2 

9.2 

9.5 

9.4 

43. 3 

40.7 

42. 0 

Me.xican Big Boll 

14. 5 

14. 3 

14.4 

11.6 

10. 7 

11.2 

36. 0 

34.0 

35.0 

(^iualla 

14. 7 

14.9 

14.8 

11.4 

10.7 

11.0 

40. 0 

37. 0 

38.5 

Rowden No. 2088 

14.2 

13.9 

14.0 

13.1 

12.9 

13.0 

35.3 

33. 7 

34. 5 

Startex No. 619 

13. 0 

12.9 

13.0 

8.1 

7.9 

8.0 

36.0 

34.0 

35. 0 

Stoneville No. 5 

11. 0 

11.3 

11.2 

11.2 

11.2 

11.2 

37.3 

34.3 

35.8 

Triumph No. 44 

12. 3 

12.1 

12.2 

10.6 

10.2 

10.4 

34.7 

33. 0 

33. 8 

Wilds No. 5 

15. 1 

15.0 

15. 0 

9.6 

9.0 

9.3 

33.7 

31. 0 

32.4 

Average - 

12. 9 

12.9 

12.9 

10. 3 

10.3 

10.3 

36.6 

34. 5 

35.5 


1 Average of 8 samples of 100 seeds each. 

2 Average of 3 determinations. 

3 Calculated from the mean seed index and the mean yield of lint (4 determinations). 


iO pounds of lint, between the means of any two varieties of the 1936 
crop can be considered highly significant. For similar significance, 
variety means of the 1937 crop must difler 4.49 watt-hours in the net 
energy required to gin 30 pounds of seed cotton and 4.12 watt-hours 
in net energy required to gin 10 pounds of lint. 

There was considerable diflerence between the samples for the 2 
years in the time and energy consumed. On the whole, the samples 
from the 1936 crop were ginned faster and required more net energy 
than those of 1937. A part of the difference in ginning requirements 
between the 2 years might be attributed to differences in seed cotton 
properties, but it is more probable that the greater part is due to 
variations in gin-stand operations, such as rate of feed and density 
of the seed roll. These variables were controlled by the gin-stand 
operator and were subject to error of judgment. The reasonableness 
of this explanation for differe.nces in time and energy consumption 
between the 2 years is substantiated by the significant differences in 
ginning time and energy requirements between series within the same 
year (table 3). Differences between series are most logically assigned 
to variations in gin-stand operations. Since gin-stand operations 
would certainly vary more between years than between series of the 
same year, it is equally logical to assign a large part of the diff'erences 
between years in ginning requirements to variations between the 2 
years in ginning operation. 

After having established that there are significant differences among 
varieties in the time and energy required to gin them, the next problem 
was to ascei*tain whether these differences could be explained by 
varietal differences in certain seed-cotton properties. Seed size (seed 
index), lint percentage, and amount of fuzz were the three properties 
selected for study (tables 4 and 5). The data were analyzed for 
covariance. 
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In order to combine the data for the 2 years into one analysis, it 
was necessary to omit the figures for Slick-seeded Acala since data for 
only 1 year were obtained for that variety. Too, since the number of 
tests made upon each variety were not the same for each year and 
since the seed-cotton properties were not measured for each ginning 
test separately, but for the variety as a whole, the covariance was 
determined on the variety means. Thus the test for significance 
falls upon the variety X year interaction (table 6). 


Table 6 . — Mean squares for ginning and seed-colton vnn'nhJes for 16 varieties 
grown at Stoneville, Miss., hi 1936 and 1937 


Source of variance 

Degrees 

of 

free- 

dom 

Independent variables 

Dependent variables 

Seed 

index 

Lint per- 
centage 

Percent- 
age of 
fuzz 

Tinie- 
st) pounds 
of seed 
cotton 

Time— 
10 pounds 
of lint 

Energy— 
30 pounds 
of seed 
cotton 

Energy— 
10 pounds 
of lint 

Total 

31 

2. 79 

8. 63 

3.21 

2. 75 

2. 36 

216, 47 

308. 91 

Years 

1 

36.98 

26. 46 

5. 36 

27. 75 

10. 81 

5, 000. 00 

6, 418. 44 

Within years 

30 

1. 65 

8.04 

3.14 

1.92 

2.08 i 

57.02 i 

105. 26 

Varieties i 

15 

3. 12 1 

15. 57 

6. 14 

3.27 

3.76 ! 

102.86 

193. 07 

Variety X year 

15 

.17 

.50 

.14 

.57 

.40 

11.18 

17. 02 


viiric'tv 

^ Significant values of F for varieties 5-percent level; 3.56 at the 1-pereent level. 


Beta regression, and simple and multiple correlation coefficients, 
were calculated for the data as a whole and for the different sources 
of variance (table 7). 

For the data as a whole the sizes of the simple correlation coefficients 
indicate that there is a significant tendency for an increase in the 
amount of fuzz upon the seed to be accompanied by an increase in 
the amount of time and energy consumed in ginning. Also, there is 
a definite tendency for the larger seeded cottons to require more time 
than the smaller seeded ones. However, the relationship between 
seed index and the amount of energy required is negative. This nega- 
tive correlation coefficient is misleading. It results from the fact that 
the larger seeded crop of 1937 consumed less energy than the smaller 
seeded crop of 1936, But it has been pointed out previously that the 
difterence between the 2 years in the amount of energy consumed is 
probably due to uncontrolled variations in gin-stand operations. This 
difference between the 2 years in energy consumed is so great that it 
has an enormous influence on the ^^over-all” correlation, and results 
in giving a false indication of relationships. If the variance due to 
years is eliminated from the data, leaving the ^Svithin years” variance, 
the relationship between seed index and energy consumed is positive ; 
that is, within each year an increase in seed size is accompanied by an 
increase in the amount of energy consumed. 

For the data as a whole, lint percentage has a significant influence 
only upon the amount of energy required to gin 10 pounds of lint. 
The correlation is negative. Cottons with high lint percentages re- 
quire less energy to yield 10 pounds of ginned lint than cottons with 
low lint percentages. 

Since there is little correlation among the seed-cotton properties, the 
beta coefficients for the “total” differ little from the simple correlation 
coefficients. 
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The correlation coefBcients of greatest interest, however, are those 
that represent the extent to which varietal differences in time and 
energy consumed are related to varietal differences in the three seed- 
cotton properties being considered. These coefficients were obtained 
for varieties taken as a whole and for varieties ^Svithin years/^ This 
latter represents the variance remaining in the data after that asso- 
ciated with yearly differences has been eliminated. The ^Svithin 
years’ ' analysis is of special interest because of the very great differ- 
ences between the 2 years in the amount of energy consumed. 

The coefficients for varieties taken as a whole or 'Svithin years” are 
very similar and statements regarding one apply equally well to the 
other. Since there is some degree of correlation among the seed-cotton 
properties, the relative importance of each independent variable can 
best be ascertained by comparing the beta coefficients. 

The simple correlation coefficients show that there is a significant 
tendency for varieties with large seeds and a higli percentage of fuzz to 
require more time and energy to gin them than do varieties with smaller 
or less fuzzy seeds. Apparently large seeds or seeds with a heavy 
covering of fuzz are not discharged as rapidly from the gin-roll box 
during ginning as are smaller seeds or seeds with less fuzz, and conse- 
quently the larger or more fuzzy seeded varieties require more time 
and energy in the ginning process. The beta coefficients show that 
the percentage of fuzz is the more important of these two seed-cotton 
properties, especially in determining the amount of time consumed — 
seed size apparently having more influence upon the amount of energy 
consumed than upon the time required to gin unit weights of seed 
cotton or to yield unit weights of ginned lint. 

According to the simple correlation coefficients, there is little or no 
relation between lint percentage and the time and energy required to 
gin 30 pounds of seed cotton, but there is a significant relation between 
lint percentage and the time and energy required to gin enough seed 
cotton to produce 10 pounds of lint. This relationship is negative, 
the varieties with a high lint percentage requiring less time and energy 
to yield 10 pounds of lint than do those with a low lint percentage. 
The beta coefficients indicate that lint percentage is more important 
than seed size but less important than the amount of fuzz in its efiFect 
upon the amount of time consumed in ginning either 30 pounds of 
seed cotton (positive effect) or 10 pounds of lint; that it has practically 
no influence upon the amount of energy reqiiired to gin 30 pounds of 
seed cotton; but that it is the most important of all three factors in its 
effect upon the amount of energy required to gin 10 pounds of lint. 

Correlation coefficients for the variety X year interactions are on the 
whole relatively insignificant, indicating that tendencies which certain 
varieties may have shown to require relatively more energy or time in 
1 year than in the other cannot be related to difiFerences in any of 
the seed-cotton properties. It is true that a few of the correlation 
coejfficients indicate some degree of relationship, but it must be borne 
in mind that technical variations which were not completely controlled 
may confuse the true relationships. 

The strength of fiber attachment to the seed was determined for the 
1936 crop, and significant differences were found between varieties in 
the force required to detach fibers from the seed. ^ But differences in 

7 Smith, W. S., and Pearson, N. U. a method of measurino the strength of attachment of cotton 
F IBERS TO THE SEED AND SOME RESULTS OF ITS APPLICATION. United States Agr. Market Serv., and Bur. 
Plant Indus., 22 pp., illus. 1941. [Processed.! 
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mean strength of fiber attachment to the seed were found not to be 
related to corresponding differences in the amount of energy required 
to gin these particular cottons. ^ However, in considering the question 
of strength of fiber attachment in relation to ginning, it is necessary to 
take into account the total number of fibers which must be detached, 
and the total force which would be required to detach all of them. 
This total force was calculated for each variety by multiplying the 
calculated number of fibers in 30 pounds of seed cotton by the mean 
strength of fiber attachment. The multiple correlation coefficients 
and the beta coefficients were then calculated to show the combined 
and individual efl'ects of seed index, percentage of fuzz, and total force 
required to detach the fibers upon the energy required to gin the 
cottons (table 8). The R value obtained was significant, but the beta 
coefficients indicated that the total force required to detach the fibers 
had, in the case of these particular varieties, no effect upon the energy 
consumed. For this reason, the strength of fiber attachment was not 
measured for the 1937 crop. 

The first and second pickings of the 1937 crop were ginned sepa- 
rately and showed significant differences in ginning behavior (table 3). 
The second picking required significantly more time and energy than 
the first. It contained more trash, which would account, in part at 
least, for the greater amount of time and energy consumed. It also 
had a lower lint percentage (table 5), which in addition would bring 
about an increase in the time and energy required to gin 10 pounds of 
lint. 

Table 8. — Multiple correlation and beta regression coefficients showing relation 
between the energy required to gin 30 pounds of seed cotton and the seed index, 
percentage of fuzz, and mean strength of fiber attachment X number of fibers in 
30 pounds of seed cotton, for 16 varieties grown in 1936 




Beta cofficients of independent 
variables 

Dependent variable 


Seed 

index 

Percent- 
age of fuzz j 
by weight ' 

Mean 
strength 
of fiber 
attach- 
ment X 
number of 
fibers 

Energy required to gin 30 pounds of seed cotton, 1936 

0.903 

+0. 572 

0. 531 

0. 071 


1 Significant values of R: at the 5-pereent level=0.683; at the l*percent level=0.773. 


SUMMARY 

Tests were conducted to ascertain whether certain American upland 
cottons differed in respect to the time and energy required for ginning 
and, if so, to ascertain whether variations in certain seed-cotton 
properties were responsible for these differences. 

Plantings of 16 varieties in both 1936 and 1937, and. a seventeenth 
in 1937 only, provided seed cotton for 184 test lots of 30 pounds each— 
3 for each variety in 1936 and 8 for each variety in 1937. 

Varieties were found to differ significantly in the time and net 
energy required to gin either 30 pounds of seed cotton or enough seed 
cotton to produce 10 pounds of lint. 
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Tlie larger and more fuzzy-seeded cottons required more time and 
energy to gin than the smaller and less fuzzy-seeded varieties. Ap- 
parently the large and fuzzy seeds are not discharged from the roll 
box during ginning as rapidly as smaller and less fuzzy seeds. 

Varieties with a high lint percentage required less time and energy 
to gin 10 pounds of lint than varieties with low lint percentage. Lint 
percentage, however, had little effect upon the energy required to 
gin 30 pounds of seed cotton, but did affect the amount of time con- 
sumed, an increase in lint percentage tending to be accompanied by 
an increase in the amount of time required. 

The order of influence of the three seed-cotton properties follows. 
Time required to gin 30 pounds of seed cotton or 10 pounds of lint: 

(1) Percentage of fuzz, (2) lint percentage, and (3) seed size. Net 
energy required to gin 30 pounds of seed cotton: (1) Amount of fuzz, 

(2) seed size, and (3) lint percentage. Net energy required to gin 10 
pounds of lint: (1) Lint percentage, (2) amount of fuzz, and (3) seed 
size. 

Strength of fiber attachment to the seed had no effect upon the 
energy required to gin these particular cottons. 
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FUNGICIDAL TESTS ON BLUE MOLD (PERONOSPORA 
TABAGINA) OF TOBACCO I 


By E. E. Clayton, senior 'pathologist, T. E. Smith, agent, K. J. Shaw, agent, 
J. G. Gaines, assistant pathologist, '!. W. Graham, agent, and C. C. Yeager, 
Jr., junior pathologist, Division of Tobacco Investigations, Bureau of Plant 
Industry, Agricidtural Research Administration, United Siaies Department of 
of Agricultur 

INTRODUCTION 


In 1938 Clayton et al. (1, 2)- reported a copper oxide-cottonseed 
oil spray treatmejit for the control of the blue mold (Peronospora 
tabacina Adam) disease of tobacco {Nicotiana tahacum L.), It was 
demonstrated that this spray treatment reduced disease development 
to such a degree that even under severe conditions measurable damage 
was prevented; i. e., there was no appreciable retardation of plant 
growth or reduction in the number of plants produced. Since 1938 
these findings have been repeatedly verified, and the treatment has 
been used extensively by tobacco growers. The problem of spray 
control for blue mold, however, has been of great interest not only 
because of the practical control afforded but also because of the ques 
tions raised as to the nature of the protection that the spray provides. 

As reported pmviously, bordeaux mixture is not effective against 
blue mold, nor is copper oxide effective when used alone. However, 
copper oxide when combined with cottonseed oil gives good control 
of the disease. The oil, as will be shown later, contributes the chief 
disease-control value of the mixture. While mineral oils are used 
extensively in present-day spray practice as insecticides, and to a 
limited degree with copper fungicides as spreaders and stickers, the 
vegetable or glyceride oils have been used very little. The}^ are 
somewhat more expensive than the mineral oils, and not so readily 
emulsified. However, the glyceride oils have been shown to possess 
both insecticidal and fungicidal value; they are essentially mixtures of 
the glycerides of various fatty acids, and Siegler and Popenoe 
have demonstrated that caproic and laiiric acids are efficient contact 
insecticides. Martin and Salmon {12) in 1933 reported that a number 
of vegetable oils were fungicidal against the hop powdery mildew. 
The first objective of the present investigation, consequently, was to 
discover more of the fungicidal possibilities of the vegetable oils. 
Certain animal and mineral oils, as well as nonglyceride oils of veg- 
etable origin, were included in some experiments for purposes of com- 
parison. Since the word ^ffimgicidaP^ has had broad as well as re- 
stricted usage, it is well to mention here that in the following dis- 
cussion the term ‘ffungicidaP^ refers to either destruction of the fungus 
or inhibition of fungal growth. No attempt has been made to dis- 
tinguish between fungicidal and fungistatic action. Inhibition of 

• Keceiveci for publication May 14, 1942, Cooperative Investigations of the Division of Tobacco Investiga- 
tions, Bureau cf Plant Industry, U. S. Department of Agriculture, the Georgia Coastal Plain Experiment 
Station, the North Carolina Department of Agriculture, and the Agricultural Experiment Stations of North 
Carolina, South Carolina, and Maryland. ' 

2 Italic numbers in parentheses refer to Literature Cited, p. 275. 
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growth was soon followed by the death of the tobacco blue mold 
(downy mildew) fungus. 

METHODS OF STUDY 

Blue mold has proved a very convenient disease with which to 
conduct fungicidal investigations. It attacks the plants as seedlings, 
and greenhouse conditions during the late fall, winter, and early spring 
months are most favorable for its development. The usual procedure 
has been to sow tobacco seed in 64nch pots, and thin to a uniform 
stand. After the pots had received 3 to 4 applications of spray, they 
were inoculated with a spore suspension and placed under conditions 
favorable for disease development. Sprays were applied twice weekly 
for a total of 7 to 11 treatments. It was possible to complete from 8 
to 10 separate spray experiments each winter. Blue mold affects 
the crop in several ways, and spraying results have been measured in 
terms of leaf- disease and plant-survival counts. The greenhouse 
work has been checked and supplemented by extensive tests conducted 
in plant beds at the Georgia Coastal Plain Experiment Station, Tifton, 
Ga. ; the Pee Dee Experiment Station, Florence, S. C.; tobacco 
branch stations at McCullers and Oxford, N. C. ; the Arlington Experi- 
ment Farm, Arlington, Va.; and the branch station of the Maryland 
Agricultural Experiment Station at Upper Marlboro, Md. 

FUNGICIDAL VALUE OF VARIOUS SUBSTANCES 

OILS 

Tests were made with a wide variety of oils, and the data in table 1 
will serve to show the great range in effectiveness of different oils. 
All the oils in this experiment were used at the 1 -percent level except- 
ing olive, pine, and sperm oils, which were used at the K-percent level 
because at 1 percent they caused leaf injuiy. The oils were emulsified 
with Vatsol 0. T. C.^ at the rate of 1 pound per gallon. 

Table 1. — Fungicidal vahie of various oils 


Kind of oil 

Diseased leaves * 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Mean 2 


Number 

Number 

Number 

Number 

Number 

Beef suet..... 

16 

17 

35 

30 

24.50 

Castor..-. 

21 

17 

30 

34 

25. 50 

Coconut... r. 

15 

30 

27 

19 

22. 75 

Cod-liver 

0 

3 

4 

8 

3. 75* 

Corn. 

0 

3 

2 

9 

3.50* 

Cottonseed 

1 

10 

3 

13 

6. 75* 

Eucalyptus.- 

14 

13 

26 

39 

23.00 

Linseed 

0 

0 

3 

3 

1.50* 

Olive..... 

21 

20 

27 

38 ' 

26. 50 

l^alm. 

12 

15 

27 

37 

22.75 

Paraffin 

25 

30 

31 

36 : 

30. 50 

Peanut... 

3 

1 

12 

17 

8. 25* 

Pine- 

29 

25 

33 

37 1 

31.00 

Kapeseed. - .... ■ ....... 

1 

4 

5 

16 ; 

6. 50* 

Sesame 

9 

1 

16 

7 

8. 25* 

Soybean 

0 

3 

0 

2 

1. 25* 

Sperm I 

8 

12 

3 

: '3. 

6. 50* 

Tung... ■_ 

1 

1 

4 

4 1 

2, 50* 

Check. 

22 

23 1 

27 

26 

24.50 

Check- ^.... 

21 

20 

31 

39 

27.75 

Average.-.....-. 





26,13 








1 Total number of leaves exposed in each plot, 45. 

2 Values significantly lower than the average of the 2 checks (8 plots) at the 1-percent level are indicated 
by an asterisk (*). 


3 This detergent was reported by the manufacturer to have as its active ingredient 10 percent of sodium 
dioetyl sulfosuccinate. 
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ks tlie data in table 1 indicate, tung, linseed, soybean, rapeseed, 
sesame, and cottonseed oils all gave good control of blue mold. On 
tlie other band, beef suet, castor, coconut, eucalyptus, olive, paraffin, 
palm, and pine oils gave no significant reduction in the amount of 
disease. Paraffin oil in some experiments actually increased the 
amount of disease injury. Other oils tested, but not included in this 
experiment, were chaulmoogra, cade, copaiba, cedarwood, clove, 
lemon, mirbane, mustard, origanum, peach-kernel, sassairas, turtle, 
and resin. Most of these had little or no fungicidal value. Since oils 
of the fungicidally active group were all of the glyceride type, it is of 
interest to compare their fatty acid content with the fatty acid content 
of the fungicidally inactive group of glyceride oils. 

The data in table 2 represent average values as reported by Jamieson 
{8) and Lewkowitsch. (e9) , and it may be noted first that both fungicidal 

TabijU 2. — Fatly acid content of fungicidal and nonf ungicidal glyceride oils 


Predominant fatty acid 


Group and kind of oil 

Oleic 

Lino- 

leie 

* Lino- 
lenic 

Eleo- 

stearic 

Ricino- 

leic 

1 

Pal- 

mitic 

Lau- 

rie 

1 

Chaul- 

moo- 

gric 

ste- 

aric 

My- 

ristic 

Fungicidal: 

Cottonseed- 

Pet 

30 

43 

11 

55 

45 

13 

(') 

Pet. 

45 

I 50 

r ' .39 1 

! 23 i 

1 35 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Corn, 









Linseed - 

36 








Peanut. 








Sovbean „j 









Tung 


73 







Nonfungicidal: 

Beef tallow,. 





(0 

. 1 


(0 ■ 


Castor 




80 



Coconut ... 






44 ! 



24 

Chaulmoogra - 







0) 


Olive 

85 

43 









Palm..- 





36 















1 Present in appreciable amount but exact figure not available. 


and nonfungicidal oils contain much oleic acid, so that fungicidal 
activity cannot be easily correlated with the occurrence of this fatty 
acid. Linoleic acid, however, occurs in large amounts in most of the 
fungicidal oils, but not to any extent in the nonfungicidal oils. There 
are strong indications also that linolenic acid (linseed oil) and eleo- 
stearic acid (tung oil) are associated with positive fungicidal activity; 
as is also licanic acid (oiticica oil), which is closely related to eleo- 
stearic acid. These make up a compact group of fatty acids having 
18 carbon atoms and 30 to 32 hydrogen atoms. Ricinoleic, palmitic, 
lauric, chaulmoogric, stearic, and myristic acids were apparently not 
active fungicides. 

COPPER AND SULFUR COMPOUNDS 

Extensive tests were made on all copper compounds obtainable. 
The results were not of sufficient value to be given in detail. Mixtures 
such as bordeaux and copper-soap sprays delayed the development of 
the disease sufficiently to give fair control under favorable conditions. 
However, with severe outbreaks, when protection is most desired, 
they have failed. Similarly, partial but unsatisfactory control has 
been obtained with sulfur sprays, such as Sulfocide and Yarwood^s 
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resin-lime sulfur, whicli also had the disadvantage of retarding growth. 
The most serious disadvantage of the use of copper or sulfur compoimds 
alone is that a greater proportion of sprajmd plants than of unsprayed 
plants may die after being transplanted. 

COPPER-OIL SPRAYS 

The comparative effectiveness against blue mold of sprays con- 
taining oil alone, copper alone, and the two in combination is indi- 
cated by the data in table 3, whicli give the results of a representative 
greenhouse experiment. 


Table ^.----Fungicidal value of copper and oil spray.s alone and in combination 

DISEASED LEAVES i 


Copper arid oil sprays 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Plot 5 

Plot 6 

Mean 2 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Copper oxide plus cottonseed oil 

0 

2 

2 

6 

3 

1 

2.3 

Bordeaux plus cottonseed oil. 

5 

4 

3 

1 

1 

f) 

3.3 

Cottonseed oil alone 

4 

4 

14 

17 

10 1 

8 

9.5 

Copper oxide alone 

31 

2b 

22 

28 

18 

22 

25. 0 

Bordeaux alone 

35 

41 

3(1 

i *^2 ! 

30 

32 

36. 0 

Check ■ 

168 

149 

147 

149 

157 

148 

153. 0 


PLANTS KILLED :! ^ 


Copper oxide plus cottonseed oil 


1 

14 j 


15 

8 

i 

9.3 
12. S 

Bordeaux plus cottonseed oil.- 

17 

10 ! 

10 

8 

[ 'li 

16 1 

Cottonseed oil alone 

15 

; 16 i 

21 

20 

21 

19 1 

18.7 

Copper oxide alone - — 

26 

34 ' 

32 

29 

34 

29 ! 

30.7 

Bordeaux alone 

33 

! 34 ! 

39 

36 

29 

37 

34. 7 

Check-.- 

36 

1 37 

i 38 

1 36 

1 i 

36 

38 

i 

36. 8 


• There were approximately 175 leaves per plot. 

2 Signiflcant difference between any 2 means at 5-percent level, 6.1; at l-percent level, 8.3. 

•i There were approximately 43 plants per plot; plant data were taken 3 weeks after the leaf data. 

Significant difference between any 2 means at 5-percent level, 4.0; at ]-percent level, 5.5. 

The sprays were applied twice weekly, beginning eJanuary 1, 1938, 
and by January 20 the untreated check plants were practically de- 
foliated. Leaf counts were m.ade at this tim.e, and data on plants 
killed were taken on February 16. Ten sprays in all were applied. 
Considering first the data on diseased leaves, the difference between 
copper oxide-oil and bordeaux-oil sprays was insignificant at the 
5-percent level, and on the same basis both copper-oil sprays were 
significantly better than oil alone. Oil alone was much superior to 
either copper oxide or bordeaiix alone. Passing now to the end results 
m.easured in term.s of plants killed, it is to be noted that neither copper 
oxide nor bordeaux alone appreciably reduced plant mortality, and 
the m.axim.um protection was provided by the two copper-oil com.bi- 
nations; the oil alone w^as better than either copper com.pound, but 
not equal to the copper-oil combinations. It is readily possible to show 
by computation that the protection provided by the combination of 
copper and oil is significantly greater than the sum of the protection 
provided by each separately. The fact that the oil portion of the 
copper-oil spray is more important as a fungicide than the copper, 
in blue m old control, is emphasized because m.any have erroneously 
regarded the copper as the active ingredient. The relative fungicidal 
m.erits of oil and copper are illustrated by figure 1. 
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F''rGUBE 1. — Tobacco plants sprayed twice weekly with (.4) 1-percent cottonseed oil 
and {B) copper oxide (Cuprocide), 1 pound per 100 gallons; C, untreated check. 
Note that the oil spray gave marked blue mold control, while the copper spray 
was ineffective. 


The data in table 3 are from a greenhouse experiment in which 
disease was very severe, as indicated by the high plant mortality in 
the checks and the extent of disease that developed in lots receiving 
the best treatment. In table 4 data for a plant-bed experim.ent 
indicate that effective control can be secured with various copper 
compounds in addition to cuprous oxide, provided they are combined 
with the oil. These data also illustrate the very much higher degree 
of protection that can be obtained in the usual plant-bed experiment. 

The results in table 4 show that all copper-oil mixtures gave effec- 
tive plant-stand protection. Many leaves in the sprayed plots showed 
infections, but these remained small, and little or no leaf tissue was 


Table 4:.— Fungicidal value of different copper-oil mixtures 


Spray mixture 

Leaf area killed ^ j 

Plants killed 2 

Plot 

Mean 

Plot 

Mean 

1 

2 

3 

1 

2 

' ^ 3 ■ 

Copper tartrate plus cottonseed oil. . 
Copper oxalate i)lus cottonseed oiL.. 
Copper oxide plus cottonseed oiL..-. 
Untreated check...... ... ... 

Percent 

4.70 

0 

2.66 
93. 39 

i 

Percent 

0.55 

0 

0 

93.17 

Percent 

3.43 

0 

0 

97. 08 

Percent 
2.89 1 
■ 0 ' 
.89 
94. 55 

Number 

0 

0 

0 

30 

Number 

0 

0 

0 

24 

Number 

(} 

0 

0 

35 

Number 

0 

0 

0 

29. 


J Based on a 15-leaf sample taken at random in each plot. 
2 The number of plants per plot was 42 to 45. 
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killed. Data in table 4 are from an out-of-door plant-bed experiment^ 
those in table 3 from a greenhouse test. As usual with the less severe 
plant-bed conditions, the sprays gave more perfect disease control. 
All readily available copper compounds have been tested in combina- 
tion with oil, and particularly good results have been obtained with 
the oxide, resinate, oxalate, tartrate, and oxychloride. Tests with 
various cuprous oxides have shown slightly better results when the 
very finely divided yellow oxide obtained by the Kaleigh (13) pro- 
cedure was used. The ordinary commercial red and orange oxides, 
however, have given satisfactory results, and they are readily obtain- 
able. In general, the results with cuprous oxide were slightly superior 
to those secured with other copper salts, with the possible exception 
of the oxalate. Earlier it was shown (table 1) that a number of vege- 
table oils were fungicidal, and some, e. g., tiing, soybean, and corn^ 
were, slightly superior to cottonseed. Extensive tests have been con- 
ducted with these in combination with copper oxide, but none of the 
combinations were superior to the cupric oxide-cottonseed oil. Cot- 
tonseed oil has the further advantage of being readily available through- 
out the entire Southeast. However, the combination of copper oxide 
and soybean oil was carefully tested and pioved entirely satisfactory. 

As shown in table 1, certain oils used alone gave good control of 
mold, and such oils as tung and soybean were definitely superior to 
cottonseed. If copper is omitted, tobacco plants will tolerate a 2-per- 
cent oil emulsion, and careful tests were made to compare the copper- 
oil combination with strong oil emulsions. Results of these tests are 
shown in table 5. 


Table 5. — Fungicidal value of strong oil ennuis ions 


Spray 

Diseased leaves ‘ 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Plot 5 

Mean 2 


Number 

Number 

Number 

Number 

Number 

Number 

CuO plus 1 percent cottonseed oil 

5 

3 

2 

4 i 

4 

3. 6 

Oiticiea oil, 2 percent 

2 

16 1 

9 

13 ! 

4 

8.8 

Tung oil, 2 percent 

3 

3 i 

4 

4 ^ 

1 

3.0 

Soybean oil, 2 percent. 

7 

13 

17 

15 

24 

15. 2 

Cottonseed oil, 2 percent-,.., 

15 j 

23 

17 

24 

30 

21.8 

Linseed oil, 2 percent 

0 

0 

4 

4 

5 

2.6 

Check 1 

166 

168 

170 

173 

173 

170.0 

. , ■ Do,.... .' 

175 

169 

168 

170 

173 

171.0 


1 There were approximately 175 leaves per plot. 

2 Significant difference between any 2 means at 5-pereent level, 3.95; at l-percent level, 5.3. 


The data in table 5 are representative of a large number of tests 
conducted in the greenhouse. On the whole, the best results were 
secured with 2-percent tung oil, and this mixture together with several 
others was used in a number of plant-bed experiments in 1939. In 
these tests, the 2-percent tung oil gave good mold control but was not 
quite equal to the regular mixture. Other experiments had already 
shown that, although under some conditions tung oil and linseed oil 
were superior to cottonseed oil if used alone, when combined with the 
copper all were equally effective. Therefore, it was concluded that, 
while a 2~pereent oil spray could be used for blue mold control, the 
copper-oil combination was preferable. In general it has appeared 
that (1) the copper-oil combination reduced the number and size of 
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lesions to a minimum ; (2) the oil alone greatly reduced the size of 
lesions but permitted a considerable number of infections; and (3) the 
copper alone teniporarily reduced the number of infections, but this 
merely delayed disease development for a short time until the amount 
of infection had increased. These several effects are illustrated in 
figure 2. 



Figure 2. — Results of spraying tobacco plants with (^) regular copper oxide-oil 
mixture (one lesion in center of third leaf from left outlined in black), {B) 2-per- 
cent cottonseed oil (five lesions on two leaves; small lesions indicate inactive 
infections), (C) cuprous oxide, 2 pounds per 100 gallons (seven lesions on four 
leaves; infections spreading rapidly). D, Untreated check; left to right, first 
three leaves completely invaded by fungus, fourth leaf severely diseased, and 
fifth leaf slightly so. 

NUTRIENT SALTS IN COMBINATION WITH OIL SPRAYS 

As will be brought out later, vegetable oils, such as cottonseed oil, 
at the concentrations used by the writers were not toxic to the blue 
mold fungus. Control of the disease apparently resulted from the 
development of a marked resistance by the plant that restricted the 
spread of the fungal hyphae after the infection had occurred. The 
oil penetrated the leaf tissues freely, and numerous globules could be 
seen in the intercellular spaces. It has seemed possible that the value 
of the oil sprays might be increased by the addition of nutrient salts. 
Thus, Henderson {6) found that in sand culture nitrogen and potas- 
sium both had marked influence on blue mold development. Prelim- 
inary experiments showed that 0.5 percent of sodium nitrate (NaNOg) 
and urea, and 1.0 percent of potassium sulfate (K2SO4) and extract of 
cottonseed meal could be added to the oil sprays without injury to 
the plants. 
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Eepeated experiments were made with cottonseed, timg, and lin- 
seed oils in combination with the different nutrients. In no case was 
the combination superior to the oil emulsion alone, and the cotton- 
seed extract actually destroyed the fungicidal value of each oil to 
which it was added. As the addition of cottonseed meal extract did 
not cause any visible change in the mixtures, the reason for tlie un- 
favorable efll'ect was not clear. 

MISCELLANEOUS FUNGICIDES 

The possibility of substituting silver nitrate for the copper oxide 
was investigated, and such com.binations were tested both in the 
greenliouse and plant bed. The silver nitrate-oil mixtures had dis- 
tinct fungicidal value but were not quite equal to the copper oxide-oil 
mixtures. Paradichlorobenzene, benzene, pentachloroethane, and 
xylene, all of which have value as vapor treatments, were tested in 
combination with oil alone, and were added to the copper oxide-oil 
mixture. They showed a slight value in some tests, but after careful 
consideration were finally discarded. Malachite green, recom.mended 
in a treatment for a sim.ilar disease of hops, showed no value against 
tobacco blue m.olcL 

A numher of the organic m.ercurials were also tested without ob- 
taining satisfactory results. 

MISCELLANEOUS ORGANIC COMPOUNDS 

Early in 1939 a broad consideration of organic materials was under- 
taken. Each com.poui:id selected was tested with oil and also, in 
m.ost cases, without oil. Alcohol, acetone, and benzene were used as 
solvents. A few insoluble m.aterials were used as suspensions, with a 
suitable wetting and dispersing agent. Tests with each compound 
were continued until definite proof was obtained that it did not give 
adequate disease control at a phytocidal level. To date, 122 organic 
com.pounds have been tested, and all that showed fungicidal prom.ise 
were included in repeated experim.ents. 

It would be impossible to present a detailed report of these experi- 
ments, since the volum.e of data is necessarily large. A considerable 
number of the compounds tested possessed distinct fungicidal value; 
e. g,, tetramethylthiuram disulfide, S-hydroxyl-l, 3-dim.ethyl benzene, 
p-toluenesiilf onyl chloride, o-cresyl p-toluenesulf onate, ferric di- 
m.ethyldithiocarbamate, and salicylic acid. This last compound was 
first tested against blue m.old at the Georgia Coastal Plain Experi- 
m.ent Station, Tifton, Ga., in the spring of 1939. Subsequent ex- 
periments have pointed more and m.ore to the salicylates in general 
as the most promising of all the compounds studied. An indication 
of the comparative m.erits of certain salicylates and copper oxide is 
supplied by the data in table 6, -which are from, a greenhouse experi- 
m.ent.' . . 

The plants from which the data in table 6 were taken received 7 
spray applications, the last on January 6. Conditions were ideal for 
the developm.ent of blue m.old during the entire period of the experi- 
ment. Diseased leaves were removed as counted; hence the final 
column in table 6 gives the total percentage of diseased leaves. The 
best spray mixture was zinc salicylate, pound per 100 gallons ; 
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Table 6. — Fungicidal value of the mlicylatei 


Spray mixture * and concentration per 100 gallons 


Percent 
19. 10 
40. 89 
34.81 
46. 42 
43. 22 
42. 68 
40.00 
55. 34 
100. 00 


Zinc salicylate, pound 

Zinc salicylate, M pound 

Phenyl salicylate, 14 pound - 
Phenyl salicylate, pound 

Salicjdamidc, J4' pound 

Salicylamide, }4 pound 

Salicylic acid, 14 pound 

Cuprocide 54 Y 1 12 pound 

Untreated check 


Each with 1 percent cottonseed oil. 

There were 140 leaves i)er plot. Each value is the mean of 4 plots. 


the plants receiving this treatment showed noticeably less disease 
throughout the experim ent (fig. 3). Salicylamide, which is said to 
be the active ingredient of Shirlan A. G., used as a spray against 
tom.ato mold in England, was not equal to zinc salicylate. Among 
the various salicylates tested, excellent results were obtained with 
methyl salicylate under cool conditions; at higher tem.peratures, 
however, this material was not effective. On the other hand, benzyl 
salicylate, which is also a liquid, was highly effective under a 
wide variety of conditions. It might appear that methyl salicylate 
was m.ore easily lost by vaporization, but the boiling point of methyl 
salicylate is 220*^-224° C. and that of benzyl salicylate 208°, so this 
explanation would seem unsatisfactory. 


Leave? 

2 diseased 

on— 

•fan. 15 

Jan. 23 

Jan. 31 

Percent 

Percent 

Percent 

4.11 

.5. 53 

9. 46 

7.14 

13. 75 

20. 00 

5.53 

12. 32 

i 16. 96 

10. 71 

16.25 

19. 40 

10. 19 

15.17 

17. 86 

11.79 

15.00 

15. 89 

7.50 

15. 00 

17. 50 

14. 28 

19. 28 

21.78 

100.00 

100.00 

100. 00 
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The spring of 1941 was not favorable for the development of blue 
mold, and the results obtained in plant-bed experiments were not 
decisive. Nevertheless, salicylates gave promising results. At Flor- 
ence, S. C., and later at Arlington, Va., bismuth salicylate without 
oil showed up exceptionally well. The results of an experiment in 
which some of the better salicylates were used are given in table 7. 

Table 7 . — Blue mold control in the plant bed with the salicylates 


Diseased leaves 


spray and concentration per 100 gallons 

5 days after final spray 

20 days after final spray 


Plot 

1 

Plot 

2 

Plot 

3 

Mean i 

Plot 

1 

Plot 

2 

Plot 

3 

Mean 'f 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Regular copper oxide-oil 

7 

4 . 

3 

4. 67 

28 

28 

32 

29. 33 

Benzyl salicylate, U pound, plus 1 gallon of oil.-. 

0 

0 

0 

0 

5 

5 

9 

6. 33 

Zinc salicylate, U pound, plus 1 gallon of oil 

' 4 

2 

0 

2. 0 

9 

12 

8 

9.67 

Salicylic acid, pound, plus 1 gallon of oil 

12 

8 

6 

8. 67 

9 

i 11 

16 

12. 00 

Bismuth salicylate,-^ VA pound, no oil 

3 

1 

■ '' 9 

2.0 

4 

1 3 

7 

4. 67 

Untreated cheek 

42 

55 

4<1 

45. 67 

3 

i b 

I , ^ 

4, 33 


1 Significant difference between any 2 means at 5-percent level, 6.66; at 1 -percent level, 9.47, 

2 Significant difference between any 2 means at 5-percent level, 3,45; at 1-percent level, 4.91. 

s There are two bismuth salicylates; the one used in this experiment was the basic bisrauth salicylate, 
64 percent Bi20.i. 

The data in table 7 .diow that benzy] salicylate at a dilution of 1 to 
3,200 pound per 100 gallons) plus a l-percent oil gave perfect 
disease control at the time of the first disease count, which was made 
5 days after the final spray application. However, all the mixtures 
used had given good control at the time. The last disease count was 
made 20 days after spraying ceased, and by this time the unsprayed 
check had recovered and so showed very little active disease. At this 
tim.e the copper-sprayed plots were noticeably the most severely 
diseased and showed a marked increase of infection. Certain sali- 
cylate-sprayed plots, on the other hand, were still quite free of blue 
mold. This tendency of the salicylates to provide spray protection 
over a much longer period than the copper compounds has been 
observedm.anytim.es. 

EMULSIFIERS FOR COPPER-OIL AND SALICYLATE-OIL MIXTURES 

While the vegetable oils do not emulsify as easily as minerar oils, 
stable preparations can readily be prepared with a wide variety of 
emulsifiers. The addition of copper or zinc compounds, however, 
greatly reduces the num.ber of adequate emulsifiers, and still further 
restriction is imposed by the requirement that emulsification must be 
possible with waters of varying hardness. Thus, tests throughout 
the Southeast have shown that waters of the Coastal Plain area are 
quite soft, having less than 100 p. p. m.. of hardness, whereas in the 
Piedmont belt some well waters test up to 250 p. p. m. of calcium 
carbonate (CaCOs). 

Various com.m.on soaps were tested as emnlsifiers and found unsatis- 
factqry. This was true also of sulfated vegetable oils, calcium 
caseinate, bentonite, ^ kaolin, sulfite lye, gelatin, triethanolamine 
oleate, m.onoam.ylam.ine oleate, diglycol laurate, glycerol mono- 
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stearate, diglycol stearate, ammonium stearate, ammonium linoleate, 
aminostearin, and glycerol monoricinoleate. More promising results 
were obtained with certain mem.bers of a group of complex new 
synthetic detergents that have been developed recently for use 
particularly in the textile trade. 

The development of the salicylate-oil sprays required a resurvey of 
the emulsifier situation. Vatsol O. T. C., which was excellent with 
the copper-oil mixture, could not be used in the salicylate-oil com- 
binations. On the other hand, B1956 proved very satisfactory with 
zinc and benzyl salicylates. An additional and reasonably priced 
emulsifier that was compatible with the benzyl salicylate-oil mixture, 
but not w^ith zinc, wnis Twitchell Base 400H.^ It was easily possible 
with tile salicylates to make all-in-one mixtures that merely required 
dilution. Zinc salicylate dissolves in alcohol, acetone, or benzene, and 
these solutions in turn are readily soluble in oil. Benzyl salicylate, of 
course, is directly oil-soluble, and the B1956 emulsifier was oil- 
miscible. With these in an all-in-one mixture, the procedure to 
prepare a batch of spray was very simple. First, the proper amount of 
stock was measured out, a little water w^as added, and the mixture 
was then forced through a spray nozzle, wdiich produced effective 
emulsification. The emulsion, was then diluted to the proper volum.e. 

TOXICITY OF OILS, CUPROUS OXIDE, AND BISMUTH SALICYLATE 
TO SPORES OF PERONOSPORA TABACINA 

McCallan and WTlcoxon (11), Horsfall et al. (7), and other workers 
have found the spore-germination test a valuable aid in their efforts 
to develop an adequate laboratory method for the evaluation of copper 
fungicides. It is obvious that if other spray materials could be 
quickly tested in the laboratory and even approxim.ate results 
obtained, m.uch laborious greenhouse and field work would be saved. 
The writers made germination tests with cottonseed oil, palm oil, and 
cuprous oxide. Spores on a slide treated with 1 -percent oil, or in 
actual drops of the oil emulsions, germinated normally. Although 
cottonseed oil controls blue mold and palm, oil does not (table 1), the 
germination of Peronospora tabacina spores was higher with cottonseed 
than with palm oil emulsion or with tap water. Cuprous oxide, at the 
concentration used for spraying, inhibited all spore germination. 
Thus, the spore-germination tests would lead to the conclusion that 
cuprous oxide is a ver}^ eftective spray and that cottonseed oil is 
com.pletely ineffective. Figure 1 and table 3 show that this is not 
the case and consec|uently that the fungicidal value of the oils cannot 
be explained on the usual basis of protective leaf coatings that destroy 
the disease-producing spores before penetiution and infection can 
occur. 

Spore-germination experiinents wmre also conducted to measure the 
comparative toxicity of cuprous oxide and bismuth salicylate. The 
former (table 3) was ineffective as a blue mold spray unless combined 
with oil, while the latter (table 7) used alone gave good control. 
In conducting the spore toxicity tests the initial concentration of 
each material was the same as had previously been used in the sprays, 
and a sufficient series of dilutions w^as made to cover the entire range 

AA phthalic anhydride glycerol alkyl resin. 

Reported by the manufacturer to be a sulfonated mineral oih 
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from complete iDliibition of spore germination to complete absence of 
measurable toxicity. The lowest concentration of cuprous oxide 
definitely toxic to the spores was 0.0058 pound per 100 gallons; that 
of bismiiti) salicylate, 0.094 pound per 100 gallons. On this basis, 
the copper compound was about 16 times the more toxic. The lowest 
concentration of cuprous oxide that completely inhibited all spore 
germination was 0.094 pound per 100 gallons; that of bismuth salicyb 
ate, 0.375 pound per 100 gallons. On this basis, the copper com- 
pound was 4 times the more toxic. 

There were other interesting difi*erences between these two materials. 
Under the microscope the cuprous oxide particles appear as irregular 
solid masses. The bismuth salicylate particles are also very small 
and, furthermore, each particle is a group of vslender crystals that tend 
gradually to separate. With the aid of Vatsol O. T. U., the bismuth 
makes an excellent suspension. The effect of cuprous oxide and 
bismuth salicylate on the fungus spores also is different. Cuprous 
oxide in toxic amounts causes marked cell plasmolysis, whereas bis- 
muth salicylate, even in concentrations that inhibit germination, 
produces no plasmolysis. 

DISCUSSION 

For many years, copper fungicides have been relied upon almost 
exclusively for the control of fungus diseases of the herbaceous crops. 
The present war situation has made it quite apparent that fungicides 
requiring little or no copper would be most desirable. Therefore, 
the results of the study reported here, which deal entirely with the 
control of the blue mold disease of tobacco, may have a broader signif- 
icance. Furthermore, it is of interest to note that the vegetable 
oils, and particularly such materials as bismuth and benzyl salicylate, 
offer promise not merely as substitutes for copper but as materials 
that may actually be superior to copper compounds in convenience 
and in disease control. 

Again, the usually accepted explanation of spray protection against 
diseases is that, by coating the exposed leaf or fruit surface wdth a 
fungicide, the germinating spores are destroyed and infection is pre- 
vented. Anyone familiar with plant-bed culture of tobacco can appre- 
ciate that in the latter stages of growth, when the plants form a solid 
mass of foliage with many leaves close to the ground, it would be 
impossible to coat all leaf surfaces with a fungicide. In the spraying 
work here reported this has not been attempted, the effort being (1) 
to coat exposed surfaces and (2) to apply the spray three or four times 
before the disease developed. It has been shown that the oils differ 
greatly in fungicidal value against blue mold and that these differences 
have been associated with the glyceride content. Oils containing 
appreciable amounts of linoleic, eleostearic, or licanic glycerides 
had strong fungicidal value, while oils containing lauric, myristic, 
palmitic, chaulmoogric, oleic, and stearic glyceiides were inactive. 
Indicating different reactions with different diseases, Fajans and Mar- 
tin (4) reported that cuprous oxide plus mineral oil was superior to 
cuprous oxide plus cottonseed oil against Idbte blight (Phyiophthora 
(Mont.) D By.) of potato. This is the direct reverse of the 
results the writers have obtained with blue mold. 

It is of interest to consider just how such a material as cottonseed 
oil functions in blue mold control. The oil acts as a sticker for the 
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copper, but ineffective oils are just as good stickers. Tlie oil-sprayed 
leaves dry earlier in the morning, and also sooner after rains, than the 
leaves of unsprayed plants, but here again ineffective oils also favor 
quick drying of leaves. Finally, spores of the blue mold fungus germi- 
nate as readily in 1-percent cottonseed oil as in clear water. The 
oil-sprayed leaves become a darker green after three or four applica- 
tions (fig. 4), and microscopic examination of the tissues at this stage 
shows numerous oil globules in the intercellular spaces. When such 
leaves become infected, the mycelium spreads for a short time, then 
ceases to grow. Ultimately only a small area is killed, instead of an 
entire leaf. The visible reaction of the invaded oil-treated tissues is 
the same as the reaction of leaf tissue possessing genetic resistance 
(such as the Nicotiana tahacurn X N, debneyi tetraploid). Thus, it 
appears that the oil-treated leaves are resistant to blue mold, and that 
in some manner certain oils promote the development of this resistance. 

Since the presence of the oil inside the leaf has the effect just 
described, it might be thought that similar resistance could be built 
up with copper, but this does not appear to be the case. Thus, De 
Ong (3) has shown that, with a copper compound dissolved in an 
oil, considerable amounts of the copper could be recovered from the 
leaf tissues, whereas the usual copper spray remained on the surface, 
except for traces. However, De Ong^s mixture of copper resinate in 
pine oil was no more effective than bordeaux against blue mold. The 
writers recognize that blue mold in many respects behaves very dif- 
ferently from other downy mildews of vegetable crops. Probably the 
usual type of copper spray mixture, such as bordeaux, and applica- 
tions designed to coat all exposed plant surfaces with a protective 
layer are generally the most practical. Certainly, however, this type 
of spray mixture was not effective against blue mold. The writers’ 
findings suggest that concentration of spray investigations on materials 
known to be highly toxic to fungus spores may lead to valuable chemo- 
therapeutic agents being overlooked. This is further supported by 
recent developments in the field of medical pathology. Thus, Long 
and Bliss (10) stated, with regard to such materials as sulfanilamide 
and sulfapyridine, that no simple explanation has been evolved as to 
their mode of action. Again, Findlay (5) concluded that there is no 
reason to suppose that chaulmoogra oil acts directly on the causal 
organism of leprosy, and there is evidence that the condition of the 
patient has a bearing on the success of the treatment. This latter 
observation fits in with observations on oil protection against blue 
mold. Thus, tobacco plants growing in the open, exposed to bright 
sun, are almost perfectly protected against blue mold by the copper- 
oil spray; on the other hand, plants that are shaded or grown in the 
greenhouse in midwinter are much less effectively protected by the 
spray treatment. 

Search for spray mixtures superior to the copper oxide-cottonseed 
oil combination has recently been centered on the salicylates. A 
number of these compounds gave marked blue mold control, but the 
best results have been obtained with benzyl salicylate used with 
1 percent oil, and bismuth salicylate without oil. The salicylate 
sprays have shown superior disease control, and a notable feature 
has been the prolonged nature of the protection. Bismuth salicylate, 
which gave excellent blue mold control when used alone, in contrast 
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to cuprous oxide, which is ineffective without the oil, was only to Ke 
as toxic to the spores of Peronospora tabacma as cuprous oxide. Thus 
it was again indicated that fungicidal value could not be measured 
ill terms of ability to inhibit spore germination. 

SUMMARY 

Emulsified oils used as sprays differed greatly in their effectiveness 
against the blue mold disease of tobacco. 

Soybean, linseed, cottonseed, tung, oiticica, and peanut oils vere 
strongly fungicidal. Olive, castor, palm, coconut, chaulmoogTa, beef 
tallow, pine, and paraffin oils were nonfungicidal. 

Fungicidal properties appeared to be associated with the presence 
of linoleic, linolenic, eleostearic, and licanic glycerides. 

The tobacco leaves sprayed with a fungicidal oil showed numerous 
oil globules in the intercellular spaces, and such leaves were resistant 
to fungal invasion. 

A mixture of cottonseed or other fungicidal oil with a copper com- 
pound gave more effective blue mold control than the oil alone. 
Copper oxide alone was almost completely ineffective. 

The only emulsifiers that proved satisfactory with copper and oil 
mixtures were a few of the complex sulfonated alcohol type. 

In a search for fungicides that could be used in place of either or 
both copper and oil, 122 organic compounds were tested. 

The salicylates showed strong fungicidal value against blue mold; 
the most effective were benzyl salicylate with oil, and bismuth salicyl- 
ate without oil. 

Spore-germination tests showed (1) that cuprous oxide inhibited 
the germination of spores at ]i spray strength, (2) that bismuth salicyl- 
ate was only }i to Ke as toxic as cuprous oxide, and (3) that cottonseed 
oil was nontoxic at full spray strength. The spore-germination tests 
consequently gave no indication of the disease-control value of the 
several sprays as shown by previous experiments. 
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FUNGICIDAL AND PHYTOCIDAL PROPERTIES OF SOME 
METAL DIALKYL DITHIOCARBAMATES ^ 

By M. C. Goldswokthy, associate pathologist, E. L. Green, associate biochemist, 

and M. A. Smith, associate pathologist, Division of Fruit and Vegetable Crops 

and Diseases, Bureau of Plant Industry, Agricultural Research Administraiion, 

United States Department of Agriculture 

INTRODUCTION 

The insecticidal value of some metal dialkyl dithiocarbamates has 
been determined by Guy (5)/ but little information on their fungicidal 
and phytocidal properties has been published. As early as 1929 
Hand. (60 patented the manufacture and the insecticidal uses of 
compounds formed by the union of carbon disulfide and organic 
bases or amines to form the grouping — C— , and in 1934 Tisdale and 

I 

Williams (10) patented the use of the derivatives of dithiocarbamic 
acids as disinfectants. In 1927 Cadwell (1) patented the use of normal 
butyl thiocarbonic acid disulfide as a deodorant and in 1929 (^) 
the" process of making the substituted dithiocarbamates. In none 
of the above references were there reports of experiments on the 
effectiveness of the dithiocarbamic acid derivatives against fungi 
growing on plants. 

Moore, Montgomery, and Shaw (P), Montgomery and Moore (<S), 
and Marsh (7) reported expeiiments in which derivatives of dithio- 
carbamic acid were used as fungicides on plants. All these investi- 
gators used the thiuram disul&es, and Marsh used zinc diethyl 
dithiocarbamate in addition. The thiuram disulfides were better 
fungicides than zinc diethyl dithiocarbamate and were not injurious 
to apple. In this paper are reported the results of experiments to 
determine the fungicidal properties of various metal salts of some 
dialkyl dithiocarbamates and their effects when sprayed on plants. 

MATERIALS AND METHODS 

Some of the dithiocarbamates, which are commonly used in the 
vulcanization of rubber, were supplied by the R. T. Vanderbilt Co , 
of New York, N. Y., and E. I. du Pont de Nemours & Co., Inc., 
of Wilmington, Del.; others were made in the laboratories of the 
United States Horticultural Station, Beltsville, Md. For the field 
tests described in this paper the iron and lead dimethyl dithiocarba- 
mates were furnished by E. I, du Pont de Nemours & Co., and 
the R. T. Vanderbilt Co., respectively. 

The substituted dithiocarbamates are made by treatment of the 
substituted primary and secondary aliphatic and aromatic amines witJi 
carbon disulfide in alkaline alcoholic solutions. As an example, 

J Received for publication June 9, 1942. 

2 Italic numbers in parentheses, refer to Literature Cited, p. 291. 
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dimethyl amine in alcoholic solution, when treated with carbon 
disulfide and sodium carbonate, yields sodium dimethyl dithio- 

• 

carbamate. One mole of an amine N— H combines with one mole 

y/ 

. N 

of carbon disulfide to form the ditliiocarbamic acid — C — S— H. 


y/ I 


X and Y may represent hydrogen or an alkyl radical. The hydrogen 
attached to sulfur dissociates and may be replaced by sodium to 
form a soluble ditbiocarbamate or by the heavy metals to form in- 

-C — S— Z. Z may be a metal or any 


S 


sol uble dithiocarbamateSy N- 

y/ 

salt-forming organic or inorganic radical. A considerable range of 
physical properties is made available by changing the substituents 
at X, Y, and Z. According to Hand {6) and Tisdale and Williams 
(fO), the essential pesticide grouping of these compounds is 

^N—C—S— . 


PHYSICAL PROPERTIES OF TESTED METAL DIALKYL DITHIOCARBAMATES 

Some of the physical properties of the various metal dialkyl dithio- 
carbamates are shown in table 1. Those obtained from the rubber- 
chemical industry did not differ materially from their counterparts 
prepared by the writers. Aqueous solutions of the soluble sodium 
salts, as received, exhibited an alkaline reaction, while derivatives of 
the heavy metals were acid or neutral. For the most part, the heavy 
metal salts were very slightly soluble in distilled water. The di- 
methyl salts were usually more soluble than those of the diethyl and 
dibutyl series, and the iron and zinc salts of the dimethyl series were 
considerably more soluble than the others of that group. Most of 
the metal dialkyl dithiocarbamates were easily suspended in either 
distilled or tap water. None of the compounds made up in the writers^ 
laboratories possessed any particular odor. The commercial sodium 
compounds used by the writers as reagents for the formation of metal 
derivatives ^ possessed a strong disagreeable odor. Since the dimethyl 
and diethyl metal dithiocarbamates obtained from the chemical 
companies also possessed this same odor, it is suggested that they had 
not been freed of the sodium reagent used in their preparation. On 
standing in contact with air, the iron dimethyl ditbiocarbamate 
prepared by the writers generated an odor resembling that of carbon 
disulfide. The butyl derivatives of lead and silver were difficult to 
make, and their physical properties indicated the presence of im- 
purities. Because of this the data obtained with the silver and lead 
salts, although included in the tables, are not considered fully reliable. 

3 For suggesting the preparation of the heavy metal salts by mixing solutions of sodium salts with solu- 
tions of inorganic salts of heavy metals, the writers are indebted to Paul I. MurrilL formerly chief chemist 
of the R. T, Vanderbilt Co. 
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1 A^andert>ilt=K. T, Vanderbilt Oo.; Du Pont=E. T. clu Pont de Nemours & Co, Inc.; and Beltsville= fungicide laboratory, 

2 Decomposes before melting. 

3 Not sharp; evidence of contamination. 
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It cannot be taken for granted that carefnlly weighed equivalents 
of a soluble dialkyl dithiocarbamate and of a soluble salt of a heavy 
metal will unite only by replacement of the hydrogen attached to 
sulfur. In the &st place, as shown in table 1, the soluble salts of 
these compounds display an alkaline reaction when dissolved in water. 
Furthermore, if one of these solutions is neutralized or acidified the 
free acid appears as a precipitate. Most of the solutions of salts of 
heavy metals that would be used to prepare the heavy metal dialk}/! 
dithi'ocarbamates are neutral if not acid, and basic salts are precipitated 
if these solutions are neutralized or made alkaline. Accordingiy the 
solutions intended for the preparation of a desired heav}^ metal 
dialkyl dithiocarbamate must be made up as nearly neutral as possible 
and must be mixed with all custnmary precautions to avoid inclusions, 
entrainment, and local exhaustion of reactants. Even with the best 
of care some contamination with basic salts of the heavy metals and 
dialkyl dithiocarbamic acid is to be expected. In the laboratory 
the solution of the sodium salt was run into the solution of the heavy 
metal salt slowly and with thorough stirring. Extraction with all 
organic solvent would then remove the basic salts. 

In the second place the dialkyl dithiocarbamates oxidize very 
readily. The most usual course is the elimination of the dissociable 
liydrogen from each of two molecules, which then combine to form a 
tetraalkyl thiuram disulfide. This product is insoluble and appeai% 
not to combine with metals. This propensity makes difficult the 
preparation of heavy metal salts in their highest state of oxidation, for 
example, ferric dialkyl dithiocarbamates. 

Examinations of the iron salts used in this study have raised doubts 
regarding their composition. On storage also these materials gave 
evidence of changes. Conflicting reports from workers who have 
tested these substances in the field have given the impression that their 
supplies were not alike. It is suggested that even though a solution of 
ferrous sulfate is used in the preparation, oxidation of the organic 
residue takes place to some extent. Attempts to separate by extrac- 
tion a substance with the theoretical iron content will not be reported 
here. Supplies of iron dialkyl dithiocarbamates used by others for 
insecticidal and fungicidal tests are probably similar in composition 
to those studied by the witers. 

EXPERIMENTAL PROCEDURES AND CONDITIONS 

The phytocidal properties of the various compounds were deter- 
mined by spraying Red Kidney bean {Phaseolus vulgaris L.) and vari- 
ous varieties of peach (Amygdalus persica L.) and of apple (Malus 
pumila Mill.), all in vigorous condition. (See table 2.) The dialkyl 
dithiocarbamates, when applied to apple, were combined with lime 
and lead arsenate at the rate of 2 pounds of the metal dialkyl dithio- 
carbamate, 8 pounds of hydrated lime, and 2 pounds of acid lead 
arsenate to 100 gallons of spray fluid. The lead arsenate was added 
for the control of insect pests and the lime as a ^^safener” against 
arsenical injury, since it was not known whether the dialkyl dithio- 
carbamates possessed insecticidal properties. On bean and peach, 
the dialkyl dithiocarbamates were used with lime but without lead 
arsenate. The sprays were applied to bean and small limbs of peach 
and apple with a hand sprayer several times during the season. Only 
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ill the amount of pressure used did these small-scale experiments differ 
from the more extensive tests reported on page 287. 

The fungicidal properties were determined according to the methods 
outlined by Goldsworthy and Green {3, 4)- Sclerotinia frmticola 
(Wint.) Kehm (the peach brown rot pathogen) and Olomerella cin- 
gulata (Stoii.) Spauld. and Von Schrenk (the apple bitter rot pathogen) 
grown under standardized environmental conditions were used as the 
test organisms. The tests included subjecting conidia to saturated 
distilled-water solutions of the materials during a 24-hour perfusion 
period, and to residues from the chemicals, with and without ad- 
juvants, sprayed on glass cover slips and allowed to weather. 

The perfusion tests (4) were conducted with solutions obtained by 
saturating 2 liters of distilled water with an excess of the chemical. 
Not less than 7 days was allowed for the solid and solvent to reach 
equilibrium. The equilibrium solution thus obtained was then 
passed through a special perfusion apparatus so that it came in contact 
with conidia in sterile water-agar cubes. During the 24-hour per- 
fusion period, tests of the fungicidal activity of these solutions were 
usually made at the end of 2, 4, 6, 22, and 24 hours. Each test was 
made by removing one of the conidia-containing agar cubes from the 
perfusion cells, examining one half of it under the microscope for 
conidial germination, and placing the other half on sterile oxidized 
potato-juice 4-percent agar to test gi*owth capability. Observations 
on germination were recorded at the time the cubes were taken out of 
the equilibrium solution and after a 24-hom‘ incubation period on the 
potato agar. (See table 4.) 

In 1941 spray-residue tests (see table 2) were conducted in the 
following manner. The chemicals used were mixed at the rate of 
2 pounds of the test material, 8 pounds of hydrated lime, and 2 pounds 
of lead arsenate to 100 gallons of spray fluid, and the mixture was 
sprayed on thin glass cover slips. The spraying of the agitated mix- 
ture on the glass cover slips was done at a standard pressure and for a 
given time, and the resulting residues represent similar loads, at least 
for any given mixture. For each chemical 12 cover slips were pre- 
pared as indicated. These were then suspended in unsprayed apple 
trees by means of special holders so that rain, dew, wind, temperature 
changes, leaf excretions, insects, fungi, light, carbon dioxide concen- 
tration, and other factors could operate and perhaps change their 
physical and chemical properties from day to day. Some of the glass 
cover slips were brought into the laboratory every other day to test 
the fungicidal properties of the residues. This was done by deter- 
mining their degree of toxicity to the conidia of Sclerotinia fructicola 
and Glomerella cingulata by a standardized procedure (3), Since the 
testing period usually lasted about 2 weeks (a length of time often 
elapsing between applications of orchard sprays), seven separate 
tests of a residue were made during that time. All these tests were 
made during the regular spraying season, and the results are somewhat 
indicative of what the materials will do under orchard conditions. 

Rainfall and temperature are not recorded in table 2, since space 
does not permit the inclusion of the continuous records obtained 
during the tests. The experiments summarized in table 2 were con- 
ducted during three separate 2-week periods. During these periods 
temperatures were mostly moderate, and L5, 3,4, and 1.84 inches of 
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rainfall were recorded for the respective periods. In all of these tests 
the residues were subjected to precipitation and other weather con- 
ditions sufficient to provide a rigid test of their sticking and weathering 
properties. 

The fungicidal and phytocidal properties of combinations obtained 
by tank mixing of sodium dimethyl dithiocarbamate with ferrous sul- 
fate, zinc sulfate, and lead acetate, respectively, to form ferric, zinc, 
and lead dimethyl dithiocarbamates were tested. (See table 3.) The 
combinations were used alone and in some cases with lead arsenate, 
lime, lead arsenate and lime, bentonite, bentonite and lime, or ben- 
tonite and nicotine sulfate, which have been used in combination for 
control of the codling moth.^ These tests were made during three 
2-week periods in which 1.84, 1.55, and 2.18 inches of rainfall, respec- 
tively, were recorded. Temperatures were mostly moderate. 

During the 1941 season field tests were conducted on apple, peach, 
and cherry at the United States Horticultural Station, Beltsville, Md., 
and on apple at Mountain Grove, Mo., with a commercial sample of 
ferric dimethyl dithiocarbamate. Lead dimeth^d dithiocarbamates, 
consisting of a sample of the pui'c material and of one in which the 
lead compound was diluted 70 percent with china clay, were also 
tested on apple at the Maryland station. 

The season was unfavorable for the production of apple scab, caused 
by Venturia inaequalis (Cke.) Wint., at the Maryland station, but 
favorable for the disease at the Missouri station. At the Maryland 
station cherry leaf spot, caused by Coccomyces hiemalis Hig., was plenti- 
ful; and the season was favorable for peach scab, caused by Clado- 
sporimn carpopMlujn Thiiin., but not for brown rot, caused hjSclerotina 
fructicola . In Maryland the growing season was marked by an absence 
of rainfall at the beginning and end and by an abundance of rainfall 
during the remainder. The temperatines, as a whole, were moderate, 
sometimes rather cool but seklom hot (fig, 1). The season was 
favorable for the production of copper and arsenical injury, but not 
for sulfur injury. The effect of drought was extreme by the end of 
the growing season. In Missouri the early and middle parts of the 
growing season were marked by a general abundance of rainfall accom- 
panied by moderate temperatures. Kainfall was 7.67 inches in April, 
4.07 in klay, 2.86 in June, 6.17 in eTuly, 1.01 in August, and more than 
10 in September. 

EXPERIMENTAL RESULTS 

PERFUSION AND SPRAY-RESIDUE TESTS 

^ The phytocidal data presented in table 2 show that the lead dialkyl 
dithiocaihamates tested were safely applied to all the plants used. 
Of the iron compounds tested, the dimethyl compound caused injury 
to peach. This injury developed after a period of weathering, 
indicating that this material was unstable. None of the zinc com- 
pounds tested was injurious to apple, but the dimethyl and diethyl 
compounds caused delayed injury to bean foliage; on peach the di- 
ethyl compound of zinc caused injury of the same type as the ethyl 
compound of iron but of a lesser degree. All of the copper, selenium, 
and mercury compounds used proved to be injurious to the test plants, 

« Steiner, L. F., Sazama, R. F., Fahey, J. E., and RtTvSn, H. W. tanr-mix nicotine-bentonite for 
CONTROL OF THE CODLING aToth. U. S. Bur. Ent. and Plant Quar. Cir. E-428. [Processed.] 
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and the silver dibutyl compound was injurious to bean and peach. 
The mercury compounds proved to be the most injurious of those 
tested. The injury caused by the iron and zinc compounds may 
properly be described as a leaf-spotting or shot-hole effect. Very 
little marginal leaf injury and no bark or fruit symptoms were noted. 
The injury caused by the silver, selenium, copper, and mercury com- 
pounds, on the other hand, was of a more pronounced character. 
The leaves of peach and bean and the bark of young peach twigs were 
severely injured; not Only leaves spotted, but marginal Injury, 
yellowing, and leaf fall were common. On apple, spot necrosis, mar- 
ginal necrosis, and yellowing of leaves were common, but bark injury 
and leaf fall did not occur. On peach fruits necrosis was observed 
where moisture accumulated, and on apple fruits a superficial russeting 
developed. None of the metal dialkyl dithiocarbamates prevented 
the typical arsenical injury from developing on the leaves and bark of 
peach when lead arsenate was present in the mixture. The zinc com- 
pounds appeared to cause the least of this type of injury. 

Table 2. — Small-scale tests of phytocidal and fungicidal properties of some metal 

dialkyl dithiocarbamates 


Substituted dithiocarbamates i 


Injury caused by spray residue to— 


Duration » of toxicity of 
spray residues 2 to— 


Metal 


Alkyl group 


Bean 


Apple 2 


Peach 


Sderotinia 

fructkola 


QlomereUa 

cingulata 


Sodium.. 


Ferric 

Zinc 

Lead 

Copper. . 

Silver — 

Mercury. 

Selenium 


Dimethyl 

Dimethyl (with 
lime). 

Diethyl (with 
lime). 

Dibutyl 

Dibutyl (with 
k lime). 

Dimethyl 

Diethyl.... 

Dibutyl 

Dimethyl,. 

Diethyl 

Dibutyl 

Dimethyl 

Diethyl 

Dibutyl 

Dimethyl 

Diethyl 

Dibutyl .... 

Dimethyl 

Diethyl 

Dibutyl 

'Dimethyl...... 

Diethyl .... 

Dibutyl ... 

Diethyl, 


Severe . 


Moderate. 


None 

— do 

— do-..- 
Moderate. 

-.-.do 

None 

do 

-—do 

-—do 

Moderate. 

do 

do--. 

None 

— -.do..-. 
Moderate. 

— do 

--..do.—. - 

do-... 

— do..— 


None., 

None.. 


None,. 


— do 

do 

....do.— 

—do 

_.-_do 

-—do 

do 

do 

.—do 

Moderate - 

do 

.---do 

None - 

do 

....do 

Moderate - 

--.-do 

do 

--.-do.--.. 


None.. 

None- 


Moderate. 

None---,-. 


Slight 

None 

-.-do 

do 

Moderate. 

None 

do 

do 

do 

Moderate. 

do 

do 

None. 

do 

Moderate - 

do. 

-----do. 

do...., 

do.--.- 


Days 


Days 


13 

0 


13 

0 

0 

13 

4 

0 

13 

6 

0 

13 

6 

0 

13 

13 

0 

13 

13 

13 

13 


1 In all these experiments heavy metal dialkyl dithiocarbamates were used at the rate of 2 x)ounds with 
8 pounds of 1 ime per 100 gallons of spray fluid. The sodium salt with or without lime was used at the same 
strength. 

2 Lead arsenate at the rate of 2 pounds to 100 gallons of spray fluid was added for insect control on apples 
and in tests of toxicity of spray residue to conidia. 

3 Testing period lasted 2 weeks. 

In tbe experiments presented in table 3, where the metal dimethyl 
dithiocarbamates were made np in the spray tank by mixing stoichio- 
metrical equivalents of the reacting soluble salts, no injury resulted 
from the use of the lead combinations, but the zinc and iron salts caused 
injuries similar to those listed in table 2; When t^ 
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iron salt was combined with bentonite only, no injury developed 
even on peach. When the sodium dimethyl dithiocarbamate was 
used in excess injury developed on peach, but if the iron sulfate was 
in excess no injury developed (table 3). Combinations of tank- 
mixed iron dimethyl dithiocarbamate, nicotine sulfate, and bentonite, 
on the other hand, caused injuries on peach similar to the mixture 
containing lime. 

These data indicate that the iron, zinc, and lead salts may be 
safely applied to apple and that the lead salts may be safely applied 
to peach. None of the others appear promising. 


Table Z.—SinaU-scale orchard tests of f ungicidal and phytocidal properties of iron, 
zinc, and lead dimethyl dithiocarhamate spray coynhinations ivith various 
adjuvants 


1 

Combination (No. and description) 

Rainfall 

during 

test 

Injury caused by 
spray residue to— 

Duration of 
toxicity of resi- 
dues to— 

Apple 

Peach 

Sclero- 

tinia 

fructi- 

cola 

Olome- 

rella 

cingii- 

lata 


Inches 



Days 

Da us 

L Tank-mix iron salt C. 

3.84 

None 

Slight 

12 

12 

2. No. 1 -f lead arsenate (2 lb.).- - 

1.84 

--do— 

— -do 

12 

12 

3. No. l+lead arsenate (2 lb.)+hydrated lime (8 lb.) 

1. 84 

-..do... 

do 

12 

12 

4. No. 1+hydrated lime (8 lb.)+bentonite (2 lb.) 

1. 84 

—do--- 

do 

4 

4 

5. No. 1+bentonite (4 lb.)+nicotine sulfate (1 pt.) added 

2.18 

---do--- 

do 

13 

13 

in order given (A, B, C, and D).2 






6. Same as No. 5 but materials added in the order B, A, 

2.18 ! 

-..do-- . 

do 

13 

13 

C, andD.2 






7, Same as No. 5 but materials added in the, order C, A, 

2.18 

-_.do-.. 

do 

13 

13 

B, and D.2 






8. Same as No. 5 but materials added in the order C, B, 

2.18 

— do— 

Consider- 

13 

13 

A, and D.2 



able. 



9. No. ] (half strength) 4-bentonite (51b.)--- 

2.18 

-_.do--. 

None --- - 

13 

13 

K). No. 9-j-exeess sodium dimethyl dithiocarbamate (0.5 

2.18 

---dO--. 

Slight 

13 

13 

lb.). 






11. No. 94"excess ferrous sulfate (0.5 lb.) . „ . . 

2. 18 

--.do-_- 

None 

13 

13 

12. Tank-mix zinc salt 

1. 55 

--.do--. 

Slight- 

13 

13 

13. Tank-mix lead salt ^ - 

1.55 

---do_-. 

None 

13 

13 

14. No. 134-hydrated lime (41b.).-- 

1. 55 

---do-.. 

do 

13 

13 

15. No. 13-i~hydrated lime (4 lb.)-f-lead arsenate (2 lb.) . 

1. 55 

-_.do-. 

Slight---, 

13 

13 

16. Clay lead salt mixture -'^-fbydrated lime (4 lb.). 

1.55 

---do--. 

None 

11 

13 

17. No. 164-lead arsenate (21b.) 

1. 55 

--.do--- 

Slight 

11 

11 








1 Stoichiometrical quantities of ferrous sulfate and sodium dimethyl dithiocarbamate were mixed to 
give ferric dimethyl dithiocarbamate at the rate of 2 pounds per 100 gallons of spray fluid. 

2 In the tests (Nos. 5, 6, 7, 8) of the effect of changing the order of adding ingredients 2 pounds of ferrous 
sulfate= A; 2 pounds of sodium dimethyl dithiocarbamate— B; 4 pounds of bentonite= C ; 1 pint of 40 percent 
nicotine sulfate solution =D- 

3 As in No. 1, the required quantities of zinc sulfate and sodium dimethyl dithiocarbamate were mixed 
in water to give zinc dimethyl dithiocarbamate at the rate of 2 pounds per 100 gallons of spray fluid. 

4 As in No. 1, the required quantities of lead acetate and sodium dimethyl dithiocarbamate were mixed 
in water to give lead dimethyl dithiocarbamate at the rate of 2 pounds per 100 gallons of spray fluid. 

5 A commercial preparation containing 30 percent of lead dimethyl dithiocarbamate in a special clay was 
used at the rate of 4 pounds with 4 pounds of hydrated lime per 100 gallons of spray fluid. 


The tests of the fungicidal properties of the residues indicate in 
general that, of the metal dialkyl dithiocarbamates studied, those of 
the dimethyl series appear to offer the most promise while those of the 
dibutyl series offer the least. Of the diethyl series only the selenium, 
silver, and mercury salts were fully effective, but the zinc, lead, and 
copper compounds were partly so (table 2). The addition of lime, as 
a carrier of the dialkyl dithiocarbamates, or of a combination of lime 
and of lead arsenate, and lime, as a t^safener” for the lead arsenate 
appeared not to affect the fungicidal properties of the dialkyl dithio- 
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carbamates. The addition of bentonite or of bentonite flocculated by 
nicotine sulfate likewise failed to reduce the fungicidal efficiency of 
these compounds. The addition of bentonite flocculated by lime 
appeared to reduce theii* fungicidal properties (table 3). 

In tests, not recorded in the tables, longer periods of weathering ap- 
peared to reduce the fungicidal value of the iron, zinc, and lead di- 
methyl dithiocarbamates even though considerable quantities of the 
residue remained on the cover slips. This appeared most pronounced 
with the iron compound, less with the zinc, and least with the lead. 

In the perfusion tests (table 4) where the materials were used 
without the addition of other chemicals, in general the dimethyl salts 
were the most eftective fungicides, followed in order by those of the 
diethyl and dibutyl series. This order was maintained with the 
sodium series. 

Table 4 . — TeMs of ioxicity of saturated solutions of some metal dd, alkyl dithio- 

cai'bamaies to conidia 


Substituted dithiocarbamates 

Sclerotinia fructicola 

Glomerella cingulata 

Metal 

Alkyl group 

Conidia 

killed 

Perfusion 

period 

Conidia 

killed 

Perfusion 

period 


Dimethyl 

Percent 

100 

Hours 

2 

Percent 

100 

Hours 

2 

Sodium 

\ Diethyl 

100 

22 

100 

4 


Dibutyl - 

99-4- 

100 

24 

99+ 

100 

24 


(Dimethyl 

2 

"2 

Ferric 

miethyl... 

48 

24 

32 

24 

24 

4 


Dibutyl . -- 

0 

24 

0 


Dimethyl 

100 

4 

100 

Zinc 

^Diethyl-. 

0 

24 

0 

24 

24 


Dibutyl: - 

0 

24 

0 


Dimethyl 

100 

4 

100 

2 

Lead 

•(DiethyL 

100 

24 

100 

4 


Dibutyl- - 

20 

24 

50 

24 


[Dimethyl- 

100 

6 

Copper 


100 

100 

2 

100 

2 

I Diethyl 

22 

22 

24 


100 


Dibutyl 

0 

24 

0 


Dimethyl. 

100 

22 

0 

24 

Silver. 

■{Diethyl 

100 

2 

100 

2 


Dibutyl .... 

100 

22 

100 

4 


Dimethyl.. 

100 

2 

100 

2 

Mercury 

< Diethyl 

100 

2 

100 

2 


Dibutyl- 

100 

2 

100 

2 

Selenium 

Diethyl- 

100 

2 

100 

2 






The present study does not indicate the grouping in the metal 
dialkyl dithiocarbamate molecule that is responsible for either the phy- 
tocidal or the fungicidal behavior of the various compounds. Where 
copper, selenium, mercury, or silver is part of the molecule, it seems 
certain that these could exercise considerable influence on both prop- 
erties. Where iron, lead, or zinc is concerned the answer becomes 
hard to find. As stated previously, Hand (6) and Tisdale and Williams 
(10) were of the opinion that all these compounds are of value as 
fungicides or insecticides because of the presence of the characteristic 

group — C — S— . The phytocidal data appear to indicate that this 


group, per se, is not responsible for plant injury; the fungicidal data 
do not clearly indicate that this group, per se, is responsible for the 
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fungicidal properties. All the compounds possess this grouping, yet 
many possess no fungicidal properties when used alone or with adju*- 
vants. There is some indication that the fungicidal property may be 
correlated with solubility, but a few contradictory results obtained 
with some of the compounds more or less invalidate this theory. This 
is particularly true of the more soluble dialkyl dithiocarbamates. 
Among these the fungicidal property was greatest with the methyl 
compound and least with the butyl, yet all were completely soluble 
at the concentration used. The data appear to indicate that in 
addition to the effect, if any, of the characteristic disulfide group, or a 
byproduct of this p*oup (CS 2 ), the character of the dialkyl groups 
may modify the fuiigicidal property. This was greatest with the 
dimethyl and least witli the dibutyl series. 

FIELD TESTS 

Experiments for the Control op Apple Scab 

Table 5 shows the results of spraying with ferric dimethyl dithiocar- 
bamate at the Missouri station for the control of apple scab and the 
prevention of fruit russet. Apple scab was well controlled without 
any noticeable effect on fruit vigor, finish, or color. At the Maryland 
station ferric and lead dimethyl dithiocarbamates were sprayed on 
Delicious, Stayman Winesap, Grimes Golden, Golden Delicious, and 
York Imperial apple varieties, but because of the dry weather in the 
early part of the season no fruit scab and only a moderate amount of 
leaf scab developed on the check trees. 

At the Maryland station during the early dry warm season both 
the iron and the lead compound caused a small amount of spot necrosis 
between the veins of the leaves of all varieties, but this injury was so 
slight that at the end of the season none could be detected. The 
spray residues were uniform, weathered well, and did not inf erf ere 
with the normal coloring of the fruit of any apple varieties tested. 
The residues of the lead compounds were the most tenacious. The 
materials proved rather easy to handle at both stations and caused 
no harm to the machinery or to the operators. At neither station 
was russet a factor, and a "fine finish developed on all varieties regard- 
less of treatment. 


Table Comparison of control of apple scab and russet by ferric dimethyl dithiocarhamate and by standard f ungicides, Mountain Grove, Mo. 
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EXPERIMENT FOR THE CONTROL OF PEACH SCAB AND BROWN ROT 

Table 6 shows the results of applications of ferric dimethyl dithio- 
carbamate to peach varieties at the Maryland station. The season 
was favorable for peach scab, since frequent rains and moderate tem- 
peratiires occun*ed during most of the growing season. By harvest- 
time tlie fruits of the check trees of the Carman and Elberta varieties 
were often cracked from the disease. The late season was somewhat 
dry, and brown rot was not the menace that it usually is at the 
Maryland station. Only a trace of scab and very little brown rot 
developed on the sprayed Alexander and Carman varieties. Only a 
trace of brown rot and 9.2 percent of scab, all of a light character and 
insufficieiit to cause a loss of grade, developed on the Elberta variety. 
The fruit developed a fine finish in all cases. The material, however, 
had a physiological effect upon the ripening processes that delayed 
maturity of all varieties from 7 to 10 days and likewise intei-ferecl 
somewhat with the development of color. The material caused no 
noticeable blemishes^ on the fruit of the various varieties, but on all 
varieties certain leaf injuries occurred throughout the season. After 
the first two applications, in which zinc sulfate was combined with 
the mixture to prevent injury by the lead arsenate, a few necrotic 
spots developed between the veins of the younger leaves. These were 
noticeable several days after the applications but soon became hard 
to find as new foliage developed. When the later cover applications 
were made without zinc sulfate and lead arsenate, this type of injury 
developed in increasing amounts. It appeared that the material had 
become changed as it aged in the warehouse. In the last application, 
the injmy was very severe, but it resulted in little defoliation. 


Table Control of peach scab and brown rot by ferric dimethyl diihiocarhamaie , 

Beltsville, Md. 





Scab 

Fruit 

Fruit 

affected 

by 

worms 

Treat incut 

Variety 

Fruit 

counted 

Fruit 

affected 

Severity 

on 

affected 

fruit 

affected 

^by 

brown 

rot 

Ferric dimethyl dithiocarbamate mix- 

Alexander 

Number 

467 

Percent 

<1.0 

Light...- - 

Percent 

<1.0 

Percent 

16.7 

ture.i 






No treatment 

do 

610 

89.9 

Heavy... 

3. 9 

43.0 

Ferric dimetliyl dithiocarbamate mix- 

Carman..- 

319 

<1.0 

Light.... 

5.0 

16. 8 

ture.’ 







No treatment 

do 

666 

100 

Heavy... 
Light.. . 

21.5 

36.9 

Ferric dimethyl dithiocarbamate mix- 

Elberta.. - . 

1,432 

9.2 

<1.0 

23.1 

ture.’ 







No treatment .t. 

- AlO 

1,231 

100 

Heavy... 

40.5 

GS. 3 


' 2 pounds of ferric dimethyl dithiocarbamate aud 8 pounds of hydrated lime per 100 gallons of spray 
fluid (5 applications) ; 2 pounds of lead arsenate and 2 pounds of zinc sulfate added to shuck and first cover, 
but not to second, third, and fourth cover, applications. 


Experiments for the Control of Cherry Leaf Spot 

Table 7 shows the results of applications of ferric dimethyl dithio- 
carbamate to the Montmorency variety of cherry at Beltsville, Md. 
The early part of the season was not particularly favorable for the 
development of cherry leaf spot, but considerable leaf spot cleveloped 
as the season advanced. At harvesttime development from tree to 
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tree was not unifomi, but as the season advanced the disease spread 
rapidly through the planting, subjecting the materials to a thorough 
test. Many of the trees were bare at the beginning of October, some 
weeks before the advent of frost. No injury resulted from the treat- 
ments, but leaf spot was not controlled. 


Table 7. —Comparison of control of leaf spot of Montmorency cherries by ferric 
dimethyl diihiocarhamate and by copper phosphate, BeUsville, M'd. 


Treatment J 

i Trees 

Average 
size of 
fruit at 
harvest - 

Leaf infection (average 
of all trees in plot) on— j 

Leaf fall (average of all 
trees in plot) on— 

Aug. 30 

Sept. 20 

Aug. 30 ; 

Sept. 20 

Ferric dimethyl dithiocarba- 

Number 

Grama 

Percent 

Percent 

Percent 

Percent 

mate mixture 3 

8 

4.31 

78. 0 

100. 0 

10.0 

74.5 

Copper phosphate mixture 4_. 

9 

3.79 

.45 

13.3 

0 

2.0 

No treatment,. 

3 

4.0G 

100. 0 

100. 0 

SO. 0 

96.0 


1 1 petal-fall and 2 cover applications. 

3 About 2 pounds of fruit was collected from each tree by harvesting the fruit around the tree at breast 


3 2 pounds of ferric dimethyl dithiocarbamate. 8 pounds of lime, and 2 pounds of lead arsenate per loo 
gallons of spray fluid at petal fall; same without lead arsenate in 2 cover applications. 

4 2 pounds of copper phosphate, 8 pounds of lime, and 2 pounds of lead arsenate per 100 gallons of spray 
fluid at petal fall; same without lead arsenate in 2 cover applications. 

SUMMARY 

Results of experiments to determine the fungicidal and phytocidal 
properties of some metal dialkyl dithiocarbamates, including the 
sodium, ferric, lead, zinc, copper, silver, and mercury dimethyl, 
diethyl, and dibiityl dithiocarbamates and selenium diethyl dithio- 
earbamate, are reported. 

Most of the heavy metal dialkyl dithiocarbamates w^ere produced 
in the laboratories of the United States Horticultural Station, Belts- 
ville, Md., by reacting solutions of commercial sodium dialkyl salts 
with solutions of suitable heavy metal salts. 

The sodium salts have a basic reaction while the salts of the heavy 
metals are acid or neutral. The soluble sodium salts were phytocidal. 
The selenium, copper, and mercury salts were all phytocidal to all 
the various plants used, while those of iron, zinc, and silver varied 
in this respect. The lead salts caused no injury to any of the plants, 
while the zinc salts caused more or less injury to peach and bean 
and the dimethyl salt of iron caused slight injury to peach. 
Apparently iron and zinc salts become changed by weathering. 

The dimethyl derivatives appeared in general to possess the 
greatest fungicidal value. The dibutyl derivatives in general possessed 
the least. The iron, lead, and zinc dimethyl derivatives appeared to 
offer the greatest promise since these caused the least plant injury. 
The lead salts appear the most promising from all standpoints. 

Preliminary tests indicated that the iron, zinc, and lead deriva- 
tives can be made up in the spray tank by mixing stoichiometrical 
equivalents of the reacting salts. Such an operation results in a 
product that remams in suspension and has superior sticking quali- 
ties. The zinc and iron mixtures of this type caused slight injuries 
to peach, while none caused injury to apple. 

All of the metal dialkyl dithiocarbamates were compatible with 
hydrated lime and lead arsenate. Special tests with the iron dimethyl 
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ditliiocarbamates indicated that this metal derivative retained its 
fungidicidal efficiency where combined with bentonite or nicotine 
sulfate and bentonite but not with bentonite flocculated with lime. 

Field tests were conducted in Maryland and Missouri on a small 
scale with ferric dimethyl dithiocarbamate for the control of apple 
scab. The product used was a commercial sample. In spite of 
the fact that there was little scab at the Maryland station the results 
were satisfactory, and the material showed enough promise to jus- 
tify continuing the tests. The material controlled scab and brown 
rot on peach in Maryland without causing fruit injury, but it caused 
leaf spotting which became progressively greater as the material on 
the leaves aged. On cherry, no injury occurred, but leaf spot was 
not controlled. 
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RELATION OF GREEN LINT TO LINT INDEX IN UPLAND 

COTTON* 

By J. Winston Neely 2 

Geneticist, Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant 

Industry, Agricultural Research Administration, United States Deparhnent of 

Agriculture 

INTRODUCTION 

Cotton breeders and producers of cotton have long been interested 
in obtaining commercial varieties that possess a combination of high 
lint percentage and other desirable characters. The exact mode of 
inheritance of lint abundance is not understood, presumably because 
it is a compound character and each of the functions affecting it is in 
turn inherently complex and affected by a number of environmental 
influences. A mor§ thorough understanding of the mode of inheri- 
tance of the capacity of a cotton plant to produce a characteristic 
quantity of lint on the individual seed should be of value to breeders 
who are working along these lines of improvement. 

GREEN-LINT CHARACTER 

The cotton fiber, being an extended epidermal cell, is a unicellular 
structure. The number of fibers arising from the epidermal layer of a 
single seed of the commercial upland cottons has been estimated as 
between 10,000 and 20,000. Commercial cotton fibers are white or 
light cream. In several noncommercial varieties, brown fibers of 
various shades are found, and at least one noncommercial variety is 
characterized by green fibers. The green pigment may be seen soon 
after the fibers begin to thicken and is apparent by 25 days after 
flowering. As the fibers develop, the color is intensified until the 
boll opens, displaying the bright-green pigmentation. On exposure 
to light the color gi*adually fades to a brownish green. Kerr has 
found that the gi’een pigment occm's in the cell wall and that this 
coloration is not present in the protoplasmic contents of the cell.® 

Harland {6) ^ and Ware {24) have reported that green lint is deter- 
mined primarily by a single pair of genetic factors, to which the 
symbols Lg, Ig have been assigned by Hutchinson and Silow (9). 
Green is incompletely dominant over white, the Fi being characterized 
by a reduced amount of color. The F2 segregation consists of green, 
intermediate green, and white segregates in a ratio of 1:2:1. Prog- 
enies of the F2 green and white phenotypes breed true in the F3, 
and progenies of the F2 intermediate-^een phenotypes again segre- 
gate into three classes. Segregation in the study here presented 
conformed satisfactorily to the monofactor hypothesis, since a popu- 

1 Received for publication July 2, 1942. Cooperative investigations between the Division of Cotton and 

Other Fiber Crops and Diseases, Bureau of Plant Industry, IJ. S. Department of Agriculture, and the 
Mississippi Agricultural Experiment Station. ^ ^ . . . . . . 

2 The writer is indebted to J, 0. Ware, of this Division, under whose direction this investigation wa s 

conducted. . . ^ , 

3 The writer is grateful to Thomas Kerr, of this Division, for permission to refer to this heretofore unpub- 
lished information. ■ 

4 Italic numbers in parentheses refer to Literature Cited, p. 305. 
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lation segregating in the ratio of 113 green to 228 intermediate green 
to 116 white was obtained in the F 2 . 

LINT-PERCENTAGE AND LINT-INDEX CHARACTERS 

The writer {16) has discussed the lint-percentage and lint-index 
characters and their reaction to environmental influences. The 
method of determination has been described by Meloy {1 5) . 

McLendon {H)^ Kottur {ll)y Kulkarni and Khadilker {12), Tha- 
dani {22), Texas Agricultural Experiment Station workers {20, pp, 47 
and 48 ) i Ware {22, 25, 26), and O^KeUy and Hull {17) have pub- 
lished results regarding the mode of inheritance of hnt-index and lint- 
percentage characters in cotton. In studies in which both parental 
lines were upland cottons with fuzzy seed, the results, as far as can 
be ascertained, are similar to those obtained in the analysis of quanti- 
tative characters. In studies in which one parental line was a high- 
lint-percentage, fnzzy-seed upland and the other parental line was a 
low-lint-percentage, naked-seed upland, the investigators have found 
a segregation in which it appeared that lint percentage was controlled 
by a single factor pair. In these cases the segregation was that of 
basic seed-fuzz genes. Thadani {21, 22), Kearney and Harrison (10), 
Carver {2), Griff ee and Ligon (4), and Ware {25, 26) have reported 
that naked-seed upland cottons differ from the fuzzy-seed uplands 
by one factor pair to which has been allotted the symbols by 
Hutchinson and Silow {9), Texas workers {20, p, 4^) Ware {25, 
26) have shown that high lint values are associated with the presence 
of fuzz and sparse lint with naked seed. 

RELATION OF GREEN LINT AND LINT INDEX 

Hull (7) has called attention to the association between lint color 
and lint percentage of cotton in the F 2 and backcross populations of a 
cross between a green-lint strain having a low lint percentage and 
several white-lint strains having higher lint percentages, and has 
suggested that the factors that affect lint color are modifiers of lint 
percentage. Ginning data obtained by the writer and his associates 
in conducting lint-color inheritance studies provide a verification of 
this finding. 

The purpose of this study was (1) to further demonstrate the 
relation between the green-lint factor and the lint-index values and (2) 
to attempt to determine the type of association that exists. 

Lindstrom {IS) has suggested that one of the most direct means of 
testing whether the inheritance of quantitative characters depends 
upon the same hereditary mechanism as does the inheritance of 
qualitative characters is to determine the linkage between these two 
kinds of characteristics. 

There are relatively few published records of the linkage relations 
between quantitative characteristics and marker genes. Anderson 
{!) has tabulated the summary of work by Sax with weight of beans, 
of that by Lindstrom with weight of tomatoes and number of rows in 
corn, and of that by Smith with corolla size in tobacco. Twenty-two 
marker genes and six quantitative characters were investigated in 
these studies, and it is noted that linkage was found in all but possibly 
one of the cases. Hutchinson (5) found that lint index in Asiatic 
cotton is about 6 percent greater in' plants with white corollas than in 
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plants with yellow corollas. Ware (25, 26) reported that low lint- 
index values in upland cotton were associated with naked seed and 
that the lint indexes of okra-leaf segregates are lower than those of 
broad-leaf segregates in the F 2 population of a cross between okra-leaf 
and broad-leaf lines. 

The demonstration of the relation between the green-lint factor 
and the lint-index values is rather simple. It can be accomplished 
by growing the F 2 and backcross generations of a cross between a 
white-lint, high lint-index cotton and a green-lint, low lint-index 
cotton and determining the significance of the difference between the 
mean lint-index values of the lint-color phenotypic classes. If the 
mean value for the white F 2 class is significantly higher than the 
corresponding value for the green F 2 class, evidence of the association 
of the green-lint factor and the lint-index values is provided. 

The deteimination of the type of association that exists between 
a marker gene and a quantitative characteristic is not simple. It con- 
sists of determining to what extent the relation is due to linkage and 
to what extent it is due to pleiotropism. 

If the relation is entirely the result of genetic linkage, it must be 
assumed that the lint index is affected by one or more factors that 
are located on the same chromosome as the green-lint gene. Such an 
assumption does not preclude or require the existence of lint-index 
factors in the other linkage groups. Except for the possibility of a 
very close linkage between major lint-index genes and the lint-color 
genes, each of the color phenotypes of the cross should segregate 
for the lint-index characteristic because of the free assortment of the 
chromosomes that do not carry basic lint-color genes and because 
of the chi'omosome segmental interchanges in the green-lint linkage 
group. Thus, it should be possible to obtain, in later generations, 
green-lint plants with lint indexes that, to some extent, approach the 
index of the white parent. 

If the relation between the green lint and the lint index is due 
entirely to pleiotropism, it must be assumed that the gene that is 
responsible for the differences in lint color is also responsible for at 
least a part of the lint-index differences of the two parental lines. 
Grimeberg (5) has distinguished between ^^enuine pleiotropism,” in 
which the gene produces its manifold effect through different primary 
effects, and ^'spurious pleiotropism,” in which a single primary effect 
results finally in manifold effects. Anderson (J) has ^ discussed 
pleiotropism as a hindrance to character recombination in the F 2 , 
and Silow (19) has referred to the association of glabmusness and 
lintlessness in Asiatic cottons as being pleiotropic effects of the same 
gene. If lint index is affected to any extent by a pleiotropic effect of 
the basic gene for green lint, the variation of the lint-index values of 
the green-lint progenies would be restricted by the depresstug effect 
of the green-lint gene; whereas the white-lint progenies of the cross 
would segregate for the lint-index character independently of the de- 
pressing effect of the basic lint-color gene. 

MATERIALS AND METHODS 

From the foregoing analysis, it follows that a study designed to 
determine the extent of the association of green lint and lint index, 
and the type of association, consists of making comparisons in regard 
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to the Imt-iiidex value between the phenotypes of hybrid populations, 
between the parental lines, and between the hybrid phenotypes and 
the parental lines. 

Two varieties of upland cotton (Gossypium hirsutum L.) were used 
in these studies: Arkansas Green Lint (low lint index) and Half and 
Half white line (high lint index). The lines had been self-pollinated 
for several generations prior to the beginning of the study, and they 
were planted and mbred each season during the study to provide 
samples for comparison with the Fj, F2, and F3 phenotypic classes. 
In the Fi generation the plants were backcrossed to each of the 
parental lines. Seeds from self-fertilized bolls for propagation and 
seed cotton from open-pollinated flowei's for laboratory analyses were 
obtained from each Fi plant. 

The following year the two backcmss and the F2 populations were 
grown. Flowers on each of the F2 plants were self-pollinated to 
provide seed for propagation of the F3. Seed cotton from open- 
fertilized bolls was obtained from each backcross and F2 plant for 
laboratory analyses. 

During the next season, F3 progenies from F2 green, intermediate- 
green,® and white plants were grown. Samples of seed cotton were 
collected from each plant. 

Laboratory analyses consisted of classifying each of the samples for 
lint color and of determining the lint-index value. There were three 
principal lint-color classifications: Green, intermediate green, and 
white. The green-lint phenotypes were divided into two subclasses 
(61 and G2), and the intermediate-green-lint phenotypes into three 
subclasses (6^3, (74, and G^). The evidence that differences between 
subclasses within a phenotypic class are due to segregation and re- 
combination of secondary genes is satisfactory. 

For the purpose of studying the relation between the lint color 
and the abundance of lint produced on an individual seed, the 
seed index and lint percentage are not essential. It was revealed in 
preliminary analyses that, while the two parental lines differed signifi- 
cantly in regard to the seed index, the segregation in the F2 plants for 
lint color was independent of the seed-index characteristic, and that 
the lint-percentage characteristic in these studies is associated with 
the lint colors in the same way as is the lint-index character. 

RESULTS AND DISCUSSION 

The frequency and the range and mean lint-index values of the lint- 
color phenotypes of the Fi backcross (BC), F2, and F3 populations 
and of the corresponding parental lines are presented in table 1. 
Differences and significances of differences between values for lint 
index of comparable classes are given in table 2. The significances 
were determined by calculating the t values, according to a method 
suggested by Fisher (S) for cases in which no pairing of samples is 
possible and the number of samples is not the same for the two series 
of observations, and by comparing the obtained values with the t 
values required for the 5 -percent and 1 -percent levels of significance. 


fi Throughout this paper the term “intermediate green” refers to all segregates heterozygous for the basic 
factor pair Lg, Ig, and is not confined to those heterozygotes with an intensity of pigmentation that is ap- 
proximately half way between the intensities of the two parents. 
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Table 1 .-— Frequency and range and mean lint-index values of the lint-color pheno- 
types of the Fi, F2, BCi, and Fa populations and of the corresponding parental 

lines 


Generation 


Comparable Pi... 

Do 

BC (Pi X G)--- 
BO (Fi X 



F2 

Fa 

Comparable Pi-- 

Do,. 

F 3 (from IG Fa) .. 

Do 

Do 

F 3 (from G Fa)-. 
F 3 (from WFo). 
Comparable Pi... 
Do. 


Phenotype 


Intermediate green.. 

Green..-.:..- 

White 

Intermediate green. 

do 

Green 

Intermediate green. 

White ' 

Green 

White 

Green 

Intermediate green. 

White 

Green 

White 

Green 

White 


Fre- 


Lint index 


uency 

Range 

Mean 

37 

Grams 

4. 43-5. 97 

Grams 

5. 13 

18 

2. 30-3.00 

2. 75 

19 

5 4. 83-9. 20 

7. 45 

24 

2. 94-4. 94 

4. 05 

16 

3. 00-5. 85 

4.88 

113 

1.95-4. 74 

3.01 

228 

2. 30-5. 64 

4.36 

116 

3.82-7.83 

5. 77 

16 

2. 13-3. 06 

2.63 

30 

2 4. 31-8. 49 

6.97 

38 

2. 37-3. 37 

2.98 

83 

3. 34-5. 65 

4.51 

26 

3. 89-7. 87 

5.71 

80 

1. 70-3. 80 

2.93 

70 

4. 17-8.34 

5. 75 

8 

2. 44-3.06 

2.66 

30 

2 4. 31-9. 16 

6. 97 


1 Only 1 plant below 5.50 gm. 

2 Only 1 plant below 5.75 gm. 


PARENTAL LINES 


The original cross was made between green-lint and white-lint stocks 
with mean lint-index values of 2.75 and 7.45 gm. respectively. The 
parental green-lint stock was quite uniform, the range between the 
low^est and the highest value being 2.30 to 3.00 gm., or only 0.70 gm. 
The parental white-lint stock w^as considerably more variable, the 
range being 4.83 to 9.20 gm. Only one plant, however, had a lint- 
index value below 5,50 gm. The difference between the lint-index 
values of the two parental lines is highly significant, as shown in 
table 2, 


Table 2, — Differences and significance of differences in lint index of comparable 
classes of the Fi, F2, BCi, and Fz populations and of the corresponding parental 
lines of the cross green lint X white lint 


Phenotypic class having— | 

Higher lint index 

Lower lint index 

[Intermediate-green Fi, „ _ , 

Parental green 

^ Parental white - _ -- 


t do 

Intermediate-green Fi 

Intermediate-green (Fi X white).. 

White F 2 1 - 

Intermediate-green (Fi X green) 

Green F 2 - ...... 

Intermediate-green F 2 

. do. 

nvhite F 2 i 

Intermediate-green Fa. - - ---- 

Green F 2 . 

Parental green 

Parental white 

White Fa” 

/Intermediate-green Fa from interme- 
diate-green Fa. 

White Fa from intermediate-green F 2 

Green Fa from intermediate-green Fa-— - 

_ — - do. _ ■ 

do - 

Intermediate-green Fa from interme- 
diate-green Fa. 

Parental green 

White Fa from intermediate-green Fa — 
Green Fa from green Fo : 

Green Fa from intermediate-green F 2 

Parental white 

White Fa from white F*) 

Green Fa from green Fa .. 

Parental green 

vParental white . 

White Pa from white Fa.. - 




Genera- 

tion 


Differ- 
ence ^ 


Fi- 

BC 

F2- 


F3., 


Orams 
2.38** 
4. 70** 
2. 32** 
.83** 
2.76** 
1.35** 
1 . 41 ** 
. 38* 
1 . 20 ** 
1.53** 

2. 73** 
1 . 20 ** 

.32 

1. 26** 
2. 82** 
.27 

1. 22** 


‘ *Statistically significant, P<0.05. **Highly significant, P<0.01. 
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Fi POPULATION 

The 37 Fi plants were classified as intermediate-green lint and had 
a mean lint-index value of 5.13 gm., which was intermediate between 
the lint-index values of the parents, indicating lack of dominance. 
The differences between the lint-index values of the green-lint parent 
and the Fi and between the white-lint parent and the Fi are each 
highly significant. 

BACKCROSS POPULATIONS 

Backcross populations consisted of the progenies of the Fi X green- 
lint parent and of the Fi X white-lint parent. Information regarding 
the relation of the lint-color and lint-index characteristics is afforded 
by the comparison of the lint-index values of the intermediate-green 
phenotypic classes of the two backcrosses. Theoretically, the two 
classes should be homologous in regard to the basic gene for the green- 
lint color. If the lint index is controlled by multiple factors, the 
Fi X green genotypes should have a preponderance of lint-index genes 
from the green-lint parent, and the Fi X white genotypes should have 
a preponderance of lint-index genes from the white-lint parent. In 
table 1 it is shown that the mean lint-index value is 4.05 gm., and 
the range 2.94 to 4.94 gm., for the intermediate-green class of the 
Fi X green backcross, and 4.88 gm., with a range of 3.00 to 5.85 
gm., for the intermediate-green class of the Fi X white backcross. 
The mean difference between the two groups is 0.83 gm. and is highly 
significant. 

There was considerable difference in the intensity of the green 
pigment in the two classes, the Fi X green being much the more 
intense. Two alternative relationships are suggested: (1) The second- 
ary genes that modify the expression of the green-lint factor in doing 
so modify the lint index, or (2) there is a linkage between the genes 
that affect lint color and the genes that affect the lint index. 

Fo POPULATION 

The F 2 population consisted of 457 plants and segregated into three 
phenotypic classes, green, intermediate green, and white, approxi- 
mately in a ratio of 1 : 2 : 1 . The mean lint-index value of the green-lint 
class was 3.01 gm.; of the intermediate class, 4.36 gm.; and 01 the 
white class, 5.77 gm. There is considerable overlapping of lint-index 
values of the three phenotypes, the ranges for the green, intermediate 
green, and white classes being 1.95 to 4.74, 2.30 to 5.64, and 3.82 to 
7.83 gm., respectively. The parental strains were continued, and 
comparisons with the F 2 segregations may be made. The mean 
lint-index value of the parental green-lint stock was 2.63 gm., with a 
range of 2.13 to 3.06 gm., and that of the parental white stock was 
6.97 gm,, with a range of 4.31 to 8.49 gm. It was noted that only 
one plant of the parental white line had a lint index value of less than 
5.75 gm. 

A study of the F 2 section of table 2 reveals that the differences in 
the lint-index values between the white and the green, the inter- 
mediate-green and the green, and the white and the intermediate-green 
classes of the F 2 were 2.76, 1.35, and 1.41 gm., respectively. Each 
of these differences is highly significant. The significant mean differ- 
ences between the three phenotypic classes of the F 2 population verify 
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the association between the lint-index character and the gene affecting 
the green-lint character. 

Some information regarding the association of the two characters 
is supplied by comparing the green-lint parental line with the green- 
lint F2 population, having mean lint-index values of 2.63 and 3.01 
gm., respectively, and by comparing the white lint parental line with 
the white-lint F2 population, having mean lint-index values of 6.97 
and 5.77 gm., respectively. The difference of 0.38 gm. between the 
green parent and the green F2 is small and barely significant, whereas 
the difference of 1.20 gm. between the white parent and the white 
F2 is highly significant, as shown in table 2. The Half and Half 
variet}^ used as the white-lint parent in this ci^oss, is characterized 
by a higher lint-index value than most other upland varieties, as it 
is, no doubt, the product of 50 years of breeding and selection for a 
high-ginning outturn variety. Even if the suppressing effect of the 
green-lint gene were eliminated from the green-lint stock, this variety 
pk.rkansas Green Lint) still would be expected to have a lower lint 
index than Half and Half. 

On the basis of the results obtained in these studies, it is suggested 
that the green-lint parental line possesses low lint-index genes that 
segregate and recombine apparently independently of the basic green- 
lint gene. When these genes are combined with the white-lint 
character, replacing high lint-index allelomorphs, the lint index of 
the white F2 is lower than that of the white parental line. Variation 
in the lint-index values of the white F2 plants would be due, to some 
extent, to the segregation of the lint-index factors. At the same 
time, the mean lint-index value of the green F2 should have been 
considerably higher than that of the parent green, since the high 
lint-index genes contributed by the white-lint parent would combine 
with the green-lint characteristic, replacing low lint-index allelo- 
morphs of the green-lint parent. However, it is shown in table 2 
that the difference between the lint-index value of the green F2 and 
that of the parental green plants is very small and barely significant. 
It may be assumed that segregation took place as outlined, and that 
the expression of the new gene combination was suppressed to ap- 
proximately the same level as the expression of the complex of the 
green parent, directly or indirectly, by the genes affecting the lint 
color. 

Fs POPULATIONS 

The progeny of the intermediate-green F2 plants segregated into 
three classes; green, intermediate green, and white, with mean lint- 
index values of 2.98, 4.51, and 5.71 gm., respectively. There was 
some overlapping of the intermediate-green and the white segregates. 
The difference between the mean lint-index values of the intermediate- 
green and green phenotypes is 1.53 gm.; between the white and green 
phenotypes, 2.73 gm.; and between the white and intermediate-green 
phenotypes, 1.20 gm. (table 2). Each of these differences is highly 
significant. The association between the lint-index character and 
the factor pair affecting the green-lint character is again demonstrated. 

The parental lines were propagated in order that comparisons 
between the mean lint-index values of these lines and the respective 
F3 phenotypes could be made. The difference between the parental 
green and green Fg from the intermediate-green F2 is only 0.32 gm., 
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and the obtained t value of L57 is less than that required for a sig- 
nificance equivalent to odds of 19 to 1. The results are similar to 
those obtained in the F2; and it is again suggested that, if high lint- 
index genes were acquired by recombination, their expression was 
prevented by the presence of some effect associated with the basic 
gene for green lint. 

All of the F3 green-lint segi'egates in the progeny of the F2 inter- 
mediate-green plants were one grade less intense than were the plants 
of the parental line. Similar results* were noted in the F2 progeny. 
It is thus shown that a dilution of the green pigment is not always 
associated with an increase in the lint-index value. In the discussion 
of the backcross population it was stated that it is possible that the 
secondary genes that modify the expression of the green-lint factor 
in doing so modify the lint-index characteristic. The differences in 
intensity of the pigmentation of the Fi X white and Fj X green 
intermediate-green phenotypes were much greater than the differences 
between the parental green and the F2 green or the parental green and 
the F3 green. The intermediate-green phenotypes from the Fj X 
white backcross were very dilute. In most plants the green pig- 
mentation was confined to a small part of the sample of seed cotton, 
the remainder of the sample appearing to be completely devoid of 
green coloration. The intermediate-green phenotypes from the 
Fi X green backcross produced seed cotton in which the green pig- 
mentation was considerably more intense than the samples obtained 
from the intermediate-green Fi. 

A comparison of the parental white line and the white-lint progeny 
of the intermediate-green-lint F2 reveals a highly significant differ- 
ence of 1.26 gm. and provides additional support to the deduction 
that the lint-index value of the white F2 segregates can be decreased 
by factors obtained from the green-lint stocks in the absence of the 
basic green-lint gene. 

In addition to the progenies of the F2 intermediate-green-lint 
plants, progenies of the green-lint and white-lint F2 plants were 
grown; in no progeny was there segregation for the basic lint-color 
factor pair. As shown in table 1, the mean lint-index values were 
2.93 and 5.75 gm., respectively. By comparing the green F3 from 
the green F2 with the parental green (table 2), it was found that a 
difference in lint-index value of 0.27 gm. was not significant. The 
F3 white-lint progeny of the F2 white-lint plants was compared with 
the white-lint parental line, and a highly significant difference of 
1.22 gm. in favor of the parental line was obtained. 

EVIDENCE OP “SPURIOUS PLEIOTROPY” 

Comparisons of the F2 or F3 green-lint phenotypes with the green- 
lint parent reveal little or no significant difference in mean lint-index 
value. - Comparisons between the F2 or F3 white-lint phenotypes and 
the white-lint parental lines reveal that the F2 and F3 whites have a 
significantly lower lint-index value than does the parental white line. 
These associations suggest that in the segregation and recombination 
of lint-index genes low lint-index factors from the green-lint stock are 
combined with the white-lint gene, resulting in the F2 white segre- 
gates having a lower mean lint index than the white parental line. 
In this segregation and recombination, it might logically be expected 
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that high lint-hidex factors from the white-lint stock would be com- 
bined with the green-lint gene. However, the data indicate that the 
green-lint gene suppresses the expression of the new complex to 
approximately the same lint-index level as the expression of the 
complex of the green-lint parental line. 

While the multiple-factor theory of inheritance of quantitative 
characteristics has not been proved in these studies, no hypotheses 
were evolved that would, if verified, disprove the theory. If the 
lint-index value in white cottons is affected by a lai‘ge number of 
factor pairs, it is quite probable that some of these genes are located 
in the green-lint linkage groups. However, this linkage relationship 
fails to account entirely for the association of the green-lint and lint- 
index characteristics. In the F 2 population it is relatively easy, 
merely by selecting green-lint phenotypes, to recover segregates that 
approach the parental lint-index combination of the green-lint stock. 
However, the recovery of combinations that approximate the white 
lint is much more difficult. 

The evidence, favors the theory that the green-lint and lint-index 
association is largely due to the pleiotropic effect of the basic green- 
lint gene. It appears that the effect is one of spurious pleiotropy,’^ 
the green-lint gene affecting the pigmentation in the fiber wall. In 
turn the pigmentation physiologically affects the lint index. 

EFFECT OF GREEN PIGMENTATION 

If the theory of ^ ^ spurious pleiotropy” accounts for the association 
of the green-lint character and low index values, it must be assumed 
that the presence of the pigmentation affects the development of the 
fiber initials into normal fibers. 

The diameter, wall thickness, estimated area, and maturity of 
fiber from the parental lines, the Fi population, and the F 2 segregates 
were determined. The results are given in table 3.® 

# 

Table 3. — Major diameter, minor diameter, ratio of circularity, wall thickness, and 
maturity of fibers from the parental lines, Fi population, and F2 phenotypes of the 
cross green lint X white lint 


Generation 

Phenotype 

Major 

diameter 

Minor 

diameter 

Ratio of 
circu- 
larity 1 

Wall 

thick- 

ness 

Esti- 

mated 

area 

Mature 

fibers 




fi 


fi 

fi^ 

Percent 

Pj..„ 

Green- 

26. 30 

2.00 

13. 15 

0. 72 

52.9 

0 

Pi 

White 

21.45 

7.50 

2.86 

3. 30 

157,0 

80 

Fi.. 

Intermediate green 

22. 17 

6.79 

3.83 

2.42 

129.0 

40 

p2..._ 

Green- 

24.70 

2. 55 

9.67 

.85 

62.2 

0 

F2 _ i 

Intermediate green 

27.50 

3. 65 

7. 75 

1.25 

97.0 

0 

F2...,., 

White 

20.50 

7.65 

2.68 

3.00 

152.9 

60 


i Ratio of circularity = major diameter/minor diameter. 


There was a marked difference in the cross-sectional characteristics 
of the green-lint and white-lint parental lines. The most outstanding 
difference was the wall thickness, the values being 0.72m and 3.30m for 
the green-lint and white-lint lines, respectively. The ratios of cir- 
cularity for the two lines were 13.15 and 2.86, respectively. 


® The values given in table 3 were determined by T. L. W. Bailey, Jr., associate cotton technologist, 
Agricultural Marketing Administration, U, S. Department of Agriculture, who also made the photo- 
micrographs used in preparing figures 1 and 2. 
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The values for the Fi intermediate green were intermediate between 
those for the parents, the wall thickness being 2.42/x and the circularity 
ratio being 3.83. 

Although the F 2 intermediate green did not have as thick walls as 
the Fi intermediate green, the association between the cross-section 
characteristics and the green pigmentation is obvious. The green-lint 
F 2 and white-lint Fa samples were comparable to the respective 
parental types in regard to wall thickness and the ratio of circularity. 

The values representing maturity were obtained by inspection of 
photomicrographs of the cross sections and comparison with a series 
of photomicrographs depicting different percentages of mature fibers, 
based upon extensive observations and actual counting of immature 
fibers according to the standard procedures proposed by Richardson, 
Bailey, and Conrad (1 8 ) . The parent white and the F 2 white compared 
satisfactorily with average commercial cottons with respect to matu- 
rity. The F 2 was somewhat lower in maturity than the parent white, 
and the low lint percentage of certain F 2 white segregates may have 
been due to the higher percentage of immature fibers. Apparently 
the green possesses factors for immaturity other than those associated 
with green pigmentation. However, these factors are of less conse- 
quence than the green factor. The Fj and F 2 intermediate-green plants 
produced fibers that were decidedly immature. 

In figures 1 and 2, the differences in regard to diameter, ratio of 
circularity, and wall thickness are illustrated. Cross sections of fiber 
from the gi*een-lint parent and the white-lint parent (fig. 1, A and 
B) show the small minor diameter and the thin wall of the fiber from 
the green-lint parent as compared with the larger minor diameter and 
thicker wall of the fiber from the white-lint parent. Cross sections 
of the Fi intermediate-green fiber (fig. 1, C) show that the minor 
diameter and wall thickness are intermediate between those of the 
two parents. 

Cross sections of fibers from the green-lint, intermediate-green-lint, 
and white-lint F 2 phenotypes (fig. 2, A, B, and C) show that the fibers 
from the recovered green and white phenotypes compare closely with 
the respective parental lines in regard to minor diameter and wall 
thickness and that the fibers from the F 2 intermediate-green phenotype 
are intermediate between the green and the white phenotype. 

The data shown in table 3 and in figures 1 and 2 indicate that the 
presence of the green pigmentation in the cell wall results in immature 
fibers with thin walls and relatively small minor diametei's. The 
individual fibers of the green segregates weigh less than those of the 
white segregates, and consequently the lint index for the green fiber 
is less, 

SUMMARY AND CONCLUSIONS 

Crosses were made between two strains (Arkansas Green Lint and 
Half and Half white lint) of upland cotton (Oossypium hirsutumh.)^ 
characterized respectively by green lint, low lint index, and white 
lint, high lint index. 

The Fi was intermediate green with a mean lint-index value that 
was intermediate between those of the two parents. 

In the backcross generations, satisfactory 1:1 ratios of gi’een to 
intermediate green or intermediate green to white were obtained. In 






Figure 2. Cross sections of cotton fibers from F2 phenotypes of the cross green 
Ihit X white lint: Green-lint segregate; J5, intermediate-green-lint segregate: 

C, white-lint segregate. X about 1,000. 
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the F2 geiieratiGii, satisfactory 1:2:1 ratios of gi'een, intermediate 
green, and white were obtained. The previous conclusion that the 
characteristic is controlled by one genetic factor pair is confirmed. 

In the analysis of samples from the backcross, Fo, and F3 phenotypes 
it was shown that gi'eenlint and low lint index are very closely associated . 
Linkage fails to account for the association. Wlien high lint-index 
factors from the white-lint stock are combined with the ^^een-lint 
gene, the green-lint gene suppresses the expression of the lint-index 
genes. The green-lint and lint-index association is largely due to the 
pleiotropic effect of the basic green-lint gene. 

The effect appears to be one of ^^spurious pleiotropy,’’ the green-lint 
gene affecting the pigmentation in the fiber wall. In turn, the pig- 
mentation prevents the development of the fibers. The result is that 
green fibers have thin walls and small minor diameters and conse- 
quently very low lint-index values. 

It is indicated that gi'een-lint types with a lint index approximating 
that of commercial white cottons cannot be developed thinugh 
breeding. 

Perhaps the^^spurious pleiotropic’’ effects of factors may account for 
many cases of so-called antagonism between characterisiics of 
domesticated plant species. 
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HERITABLE RELATION OF WAX CONTENT AND GREEN 
PIGMENTATION OF LINT IN UPLAND COTTON ' 

By Carl M. Conrad, formerly senior cotton technologist, Agricultural Marheting 

Administration, and J. Winston Neely, geneticist, Bureau of Plant Industry, 

Agricultural Research Administration, United States Department of Agriculture ^ 

INTRODUCTION 

Tlie wax content of cotton lint has been the subject of a number of 
investigations. Lecomber and Probert (Sy studied cottons originating 
in different parts of the world in order to determine the extent to which 
their origins could be identified by the content and properties of wax. 
It was found that cottons could not be identified in this way. Fargher 
and Higginbotham (6) studied scoured cottons with reference to the 
percentage losses sustained and the amount of certain noncellulose 
constituents, including waxes, retained after various kiering treat- 
ments. Ahmad and Sen (1) were interested in the possible influence 
of wax content on the classer's judgment of silkiness or ^Tiarshness.’’ 
Fargher and Probert (4), Clifford and Probert i^), and Fargher and 
Higginbotham (S) have reported that the different components of the 
wax from the lint in American and Egyptian cottons are highly com- 
plex mixtmns of various classes of waxy substances. 

As early as 1911, Knecht (7) reported that Egyptian raw cotton from 
which the wax had been removed was difficult to handle in the drawing 
and spinning processes. Excessive amounts of waste, irregular results, 
and a tendency for the fiber to adhere to the rollers were encountered. 
In spinning finer count yarns, excessive breakage, which was also 
observed in the weaving processes, occurred. Knecht suggested that 
benefits in the manufacturing process and in the strength of the ma- 
terial might result from supplementing the low natural wax content of 
ordinary cotton fiber with additional oily or waxy substances. This 
has been done occasionally by spraying mineral oils and other sub- 
stances on the fiber at different stages in the progress of manufacture. 

Conrad (S) has shown that whereas the wax content of most cotton 
lint varies within the range of from 0.4 to 0.7 percent, that of Arkansas 
Green Lint cotton, based upon the dry weight, reached the high value 
of 17 percent. This finding suggested the possibility of studying the 
influence of a high natural wax content on the spinning quality of 
cotton. 

The Arkansas Green Lint cotton is not suitable for commercial 
production because of its small yield and low ginning outturn. Neely 
(9) has shown that the green pigmentation and low ginning outturn are 
^^spuiious pleiotropic^^ effects of the same gene and that it is very 
unlikely that green-lint strains with lint percentages approximating 

1 Received for publication June 16, 1942. Cooperative investigations between the Agricultural Marketing 
Administration and the Bureau of Plant Industry, U. S. Department of Agriculture, and the Mississippi 
Agricultural Experiment Station. The senior author is now with the Southern Regional Research Labora- 
tory, Bureau of Agricultural Chemistry and Engineering, U. S. Department of Agriculture, New Orleans, 
La. When the investigation w^^as made this work was a part of the Agricultural Marketing Service. On 
February 23, 1942, that Service was merged with the Surplus Marketing Administration and the Commodity 
Exchange Administration to form the Agricultural Marketing Administration. 

2 The authors wish to acknowledge their indebtedness to Dr. J. O. Ware, senior agronomist, Bureau of 
Plant Industry, who made helpful suggestions in regard to the manuscript, and to Meyer D. Silverman, 
scientific aide, Agricultural Marketing Administration, who made the wax determinations. 

3 Italic numbers in parentheses refer to Literature Cited, p. 312. 
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the commercial white cottons can be developed through breeding. 
In many cases the green-lint cotton would not be suitable for com- 
mercial production because of its color and fiber shortness. Since no 
other cotton is known that has the high wax content of the green-lint 
strains, interest has been manifested in the possibility of combining, 
throughhybridization and subsequent selection, the high wax content 
of the green-lint strains with the lint color and other desirable charac- 
teristics of the commercial white-lint strains. Thus, information 
regarding the type of heritable relation that exists between the wax 
content and the green-lint character is of considerable importance. It 
was the purpose of this investigation to study these relations. 

MATERIAL AND METHODS 

The samples employed in these studies were collected at Stoneville, 
Miss., duidng the 1938 and 1939 crop season and were used in studies 
to determine the relation of green lint to lint index in upland cotton. 
Two strains of cotton wmre used in these studies: Arkansas Green Lint 
(high wax content) and Half and Half white lint (low wax content) . 
These strains were self-pollinated for several generations prior to the 
beginning of the study. 

The methods employed for selecting parent plants and for self- 
and cross-pollination have been described by Ware {10), The pro- 
cedure followed in obtaining samples from parental lines and of Fi, 
backcross, F2, and F3 segregations and in classifying the samples, as 
well as the mode of inheritance of the green-lint characteristics, have 
been outlined by Neely {9), 

Lint samples of the 1938 growth from all plants of a given lint-color 
classification and parental line or progeny were composited and 
thoroughly mixed for wax-determination samples.^ Because of the 
large number of plants in the 1939 growth, only about half of the 
plants of a given lint-color classification and progeny were composited 
for each determination. 

After compositing and thoroughly mixing, duplicate 10±.01-gm. 
samples of lint were weighed out and placed, without grinding, in the 
extraction compartments of 50 by 250 mm. Soxhlet extractors, pro- 
vided with 300-ml. distillation flasks. Thimbles were not used. The 
material was compacted so that all fiber would be covered with the 
condensed liquid before the latter siphoned over. Then, 250 ml. of 
95-percent alcohol was poured into the cotton; a portion siphoned over 
and collected in the flask below. The condenser was attached, the 
water turned on, and the extraction continued for 6 hours from the 
time of boiling. At the end of this period the flame under each flask 
was turned out at the moment (within 1 to 5 minutes) that the alcoholic 
. extract remaining in the flask amounted to about 100 ml. 

The amount of wax contained in the alcoholic solution was de- 
termined by a method to be described elsewhere by Conrad.® Briefly, 
it consists of the transfer of the hot alcoholic solution to 100 ml. of 
cUoroform in a 1,000-ml. separatory funnel, the addition of sufficient 
distilled water to cause separation, and the removal of the chloroform 
layer from the bottom . The aqueous layer is then washed three times 

4 Although, from the genetical standpoint, it would be desirable to determine, separately, the wax content 
of the lint from each plant of the progenies, the amount of work involved was prohibitive for the amoiuit of 
time that could be allotted. 

« Conrad, C. M. a new extraction method for the determination of total wax in cotton fiber. 
(In preparation.) 
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with 50-rol. portions of chloroform, after w^hich the combined chloro- 
form extracts are washed once with distilled water. The sugars and 
other water and alcohol-soluble substances pass more or less com- 
pletely to the water layer, while the waxy substances are retained in 
the chloroform layer. The chloroform-soluble fraction is then evapo- 
rated and dried in a tared weighing bottle at 105° C., weighings being 
made at 30-mmute intervals until the loss is not more than 1 mg. 

Separate determinations of moisture were made, and the wax con- 
tent was computed to the oven-dried weight. 

RESULTS 

The percentages of wax of the lint-color phenotypes of the Fi, 
backcross, F 2 , and F 3 populations and of the corresponding parental 
lines from the 1938 and 1939 growths are given in tables 1 and 2, 
respectively. The percentage of wax in each case represents the mean 
of two or more closely agreeing values. 


Table 1. — IFaa* content of Unt-color phenotypes of Fi and first-generation hackcross 
progenies of a cross between Half and Half white lint and Jlrkansas Green Lint 
cotton and of the corresponding parental lines; 1938 growth, families t, 2, and 3 


Generation 

Family 


Wax content of lint-color 
* phenotypes 

Progenies of — 

White 

Intermedi- 
ate green 

Green 




Percent 

Percent 

Percent 

P 2 

1 . 

Pi parents. -- 

0. 63 


15. 04 

BC 

1 

Fi X green-lint parent - 


3. 42 

13. 92 

BC 

1 ! 

FiX white-lint parent - 

.60 

2.11 


Eo 

1 -,J 

Fi (white X green) 

.54 

3. 96 

12. 32 

Pj 

2 and 3. . 

Parents of Fi - 

1.56 


13. 12 

El 

2 and 3,. 

Green- X white-lint parents 


2 2. 17 









1 Lint from only 1 plant represented. 

2 Lint from 2 families, 2 and 3, combined. 


Table 2. — Wax content of lint-color phenotypes of first-generation hackcross, 
second-generation hackcross, F 2 , and F^ progenies of a cross between Half and 
Half white lint and Arkansas Green Lint cotton and of the corresponding parental 
lines; 1939 growth, families 1, 2, and 3 


Generation 

Family 

Progenies of— 

Wax content of lint-color 
phenotypes 

White 

i Interme- 
diate green 

Green 




Percent 

Percent 

Percent 

P 3 

1 


0.48 


12. 64. 

BC 2 

3 

intermediate BC on green 

.53 

2.84 

12.53 

BC 2 

1 

Intermediate BC on white 

.58 

2. 36 

12.13 

Fs- - . 

1 

Green F 2 phenotype 



12. 90 

F 3 

1 

Intermediate F 2 phenot 3 ?pe 

.56 

2. 26 

11.36 

Fs 

1 

White Ej phenotype 

.66 



Po 

2 

Family 2 parents.. 

.63 


12. 82 

BC.. . .. 

2 

FiXwhite-lint parent. ^ 

.59 

• 4.95 


F 2 - 

2 

Fi (white Xgreen) ... 

.51 

2. 40 

12.42 

Fo 

3 

Family 3 parents 

.61 


12. 82 

BC.. , 

3 

FiXwhite-lint parent. .. 

.55 

1. 92 


Fa . 

3 

Fi (white Xgreen). ... 

.54 

, 2.52, 

12.12 
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PARENTAL LINES 

The original cross was made between white-lint and green-lint stocks 
with wax percentages of 0.63 and 15.04, respectively . Inbred progenies 
of the parental lines were grown each season, and very little variation 
in the wax content was found. The range was from 0.48 to 0.63 per- 
cent for the white-lint parental line and from 12.64 to 15.04 percent 
for the green-lint line. The difference in the wax content of the two 
stocks is striking. 

THE Fi POPULATION 

The Fi plants were classified as intermediate green, and the wax 
content was found to be 2.17 percent, as shown in table 1. Thus, there 
is not complete dominance in regard to the wax content, but the Fi 
value is nearer that of the low-wax-content parent. 

THE BACKCROSS POPULATION 

Backcross populations consisted of the progenies of the FiX green- 
lint parent and of the FiX white-lint parent crosses. Information 
regarding the relationship of the lint-color and wax-content charac- 
teristics is afforded by the comparison of the wax percentages of the 
intermediate-green phenotypic classes of the two backcrosses. Theo- 
retically, the two classes should be homologous for the green-lint color 
basic-factor pair. The FiX green genotypes should have a preponder- 
ance of wax-content genes from the green-lint parent and the FiX 
white genotypes should have a preponderance of wax-content genes 
from the white-lint parent, if the wax content is controlled by multiple 
factors. It is shown in table 1 that the mean wax content is 3.42 
percent for the intermediate-green class of the FiX green backcross 
and 2.11 percent for the intermediate-green class of the FiXwhite 
backcross, or a difference of 1.31 percent. 

The FiX green intermediate-green progenies were considerably 
more intensely green than were the FiXwhite intermediate-green 
progenies. It is indicated that the secondary genes that modify the 
expression of the green-lint factor also modify the wax content. 

The wax content of the intermediate-green segregates of the back- 
cross FiXwhite of families 2 and 3 is 1.95 and 1.92 percent, respectively. 
The white-lint segregates of the two families have average wax per- 
centages of 0.59 and 0.54 percent. 

The progeny of the intermediate-green phenotypes of the back- 
crosses segregated into 1 white: 2 intermediate green: 1 green. The 
wax content of these classes was 0.53, 2.84, and 12.53, percent, respec- 
tively, for the backcross to the green parent and 0.58, 2.36, and 12.13 
percent, respectively, for the backcross to the white parent. The 
Wax content of the comparable white-lint and green-lint parental 
lines is 0.48 and 12.64 percent, respectively. The difference between 
the wax content of the white and green segregates and the corres- 
ponding parental type is apparently of no consequence. The wax- 
percentage differences between the three phenotypes of the second 
backcross generations verify the association between the wax-content 
character and the gene affecting the green-lint character. 

THE F2 POPULATIONS 

The F 2 populations, consisting of one family in 1938 and two 
families in 1939, were grown. Segregation for the lint-color character 
in each family corresponded satisfactorily to the expected 1:2:1 ratio 
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of white, intermediate green, and green phenotypes. The association 
of high wax content and green lint is shown. The wax percentages for 
the white, intermediate-green, and green phenotypes, as shown in 
tables 1 and 2 for family 1, were 0.54, 3.96, and 12.32, respectively; 
for family 2, 0.51, 2.40, and 12,42; and for family 3, 0.54, 2.52, and 
12.12. Comparable white-lint parental lines for the three families 
had wax percentages of 0.63, 0.63, and 0,61, respectively; and com- 
parable green-lint parental lines for the three families had wax per- 
centages of 15.04, 12.82, and 12.82, respectively. It is possible that 
the wax content of the F2 green-lint segregates was significantly lower 
than that of the green-lint parental lines. Again it is indicated that 
the secondary genes that modify the expression of the green-lint factor 
pair also modify the wax content, since the Fg green-lint segregates 
were less intensely green than the green-lint parental lines. 

THE F» POPULATIONS 

The progeny of the intermediate green Fo plants segregated into 
three classes: green, intermediate green, and white, with mean wax 
percentages of 0.56, 2.26, and 11.36, respectively. The association 
between the wax content and green-lint pigmentation is again 
demonstrated. 

The parental lines were propagated in order that comparisons be- 
tween the wax percentages of these lines and the respective F3 pheno- 
types could be made. The difference between the parental white and 
the F3 white from the F2 heterozygote is 0.08 percent and is probably 
of no consequence. Similarly, the difference between the parental 
green and the F3 green from the F2 intermediate green is rather small 
in comparison with the difference between the two phenotypes. 

The F3 white progeny from the F2 white phenotypes had a wax 
content of 0.66 percent as compared with a wax content of 0.48 percent 
for the parental white. There is some indication that small differences 
in wax content which are not associated with differences in lint pig- 
mentation may occur. The difference between the wax content of the 
F3 green progeny from th F2 green phenotypes and the green-lint 
parental line is small and probably of no significance. 

SUMMARY AND CONCLUSIONS 

The total wax content of lint from Half and Half white lint and 
Arkansas Green Lint upland cottons and of the Fi, backcross, F2, and 
F3 populations of crosses between the two strains was determined. 
The samples represent two consecutive crop years and three sets of 
families representing three different crosses. The wax content of the 
white-lint parent varied within the low limits of 0.48 to 0.63 percent 
and that of the green-lint parent between the much higher limits of 
12.64 to 15.04 percent. 

The Fi was intermediate green with a mean wax content between 
that of the two parents but closer to that of the white parent. 

In the analyses of samples from the backcross, F2, and F3 pheno- 
types, it was shown that the green lint and high wax content were 
closely associated. 

While there is no evidence against the relationship being one of 
genetical linkage, it is indicated that the relationship is probably a 
physiological one and that the genetic factor that affects the green 
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pigmentation also affects the wax content. Previous work has shown 
that the presence of green pigmentation in the fiber cell wall is associ- 
ated with a suppressed development of fiber initials into mature fibers. 
Just what is the interrelationship of cause and effect between high wax 
content, green pigmentation, and suppressed development of fiber wall 
remains to be clarified. 

The results are not conclusive, but it is indicated that there is little 
likelihood of combining the high wax content of the green-lint strain 
with the white lint of commercial cotton. It is possible that the 
genetic behavior in crosses between other green-lint strains and the 
same or other white-lint varieties would be different. These studies 
are being extended to include such crosses. 
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ASCORBIC ACID CONTENT OF STRAINS OF SNAP BEANS ^ 


By B. L. Wade, senior geneticist, and Margaret S. Kanapaux, jumor physiologist, 

Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 

Agricidiural Research Administration, United States Department of Agriculture 

INTRODUCTION 

Id 193(5 a program of breeding hardy, productive, high-quality sDap 
beans for the southern United States was undertaken at the United 
States Regional Vegetable Breeding Laboratory, Charleston, S. C. 
Although the desirability of incorporating high ascorbic acid content, 
as well as other desirable qualities, in the lines of snap beans being 
developed was evident, satisfactory methods for the determination of 
this vitamin on large numbers of samples were not available when the 
work was initiated. Since then, however, rapid and accurate methods 
have been devised for the determination of ascorbic acid; these have 
made possible investigations in the plant-breeding program that were 
not feasible a few years ago. The subjects in the present study were 
relatively finished varieties of snap beans, some of which are pure 
lines, but the techniques used herein are also applicable to studies of 
the ascorbic acid content of segregating lines. 

MATERIALS AND METHODS 

In 1940, 46 strains of hems (Phaseolus mlgaris L.) derived from 
crosses of U. S. No. 5 Refugee (or closely related lines) with String- 
less Black Valentine, Bountiful, and Brittle Wax were released to the 
13 collaborating Southeastern States for trial. Some of these strains 
when released were quite uniform; others were segregating for seed 
color, pod types, and other factors. While these beans were being 
grown by some of the collaborating States, they were also being 
grown at Chaiieston, S. C. For the crops of 1940, rapid chemical 
methods for the determination of ascorbic acid content were not 
available. However, preliminary work by Morell (9) ^ resulted in an 
improvement for use here of Bessey^s (1) modification of Mindlin and 
Butler's (8) method. The crops of 1941 were analyzed for ascorbic 
acid content at each of fom^ harvests of each crop. 

The strains were arranged in a 7 by 7 lattice square with 4 series 
(replicates), according to a method of Weiss and Cox (IS). For 
convenience the strains were numbered 1 to 49, with 9, 48, and 49 
representing the commercial varieties Brittle Wax, Bountiful, and 
Stringless Black Valentine, respectively, and the other numbers, 
which are preceded by VBL,® the 46 crosses previously mentioned. 
All strains had previously been observed to mature for market within 
a day or two of each other under Charleston conditions. Plots were 
single rows 3 feet apart and 32 feet long. Locally grown seed of the 

1 Received for publication July 30, 1942 . This work was performed under an allotment from the Special 
Research Fund authorized by Title I of the Bankhead-Jones Act of June 29, 1935, 

2 Italic numbers in parentheses refer to Literature Cited, p. 324. 

3 VBL indicates a strain originated by the XJ. S. Regional Vegetable Breeding Laboratory, Charleston, 
S. C. 
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46 strains originated by the United States Eegional Vegetable Breed-» 
ing Laboratory was used throughout the experiment, but western- 
grown seed of the 3 commercial varieties was used. For the most 
part good stands were obtained. 

Spring and fall crops of pods were each harvested four times. A 
complete harvest of pods never required more than 4 hours. Only 
pods at market or canning stages were included, thus eliminating 
variability due to immaturity or overmaturity of pods. Samples 
were placed in bags, stored at 36® F. within 30 minutes after picking, 
and analyzed within 48 hours. Twenty-five grams of unselected 
whole pods was used for analysis; broken and damaged pods were 
excluded. 

Two pickings of leaves were made of each crop — the first a few days 
after the second picking of pods and the second a few days after the 
fourth picking of pods. Leaf harvests were begun at about 8:30 a. m. 
and were completed in 2 hours. Samples of 25 gm. were picked, and 
10 gm. was used for analysis. 

The following procedure, developed by Morell (P), was used in 
analyzing the samples. After the stems and tips had been removed, 
the pods were broken into four parts. The petioles were removed 
from the leaves. A suitable sample of pods or leaves, weighed to 
the nearest 0.1 gm., was added to 100 ml. of 3-percent metaphosphoric 
acid in a blender container and mixed at high speed for 2 minutes. 
This produced a fine suspension, which was filtered through a No. 12 
Whatman paper. A convenient aliquot of the filtrate was trans- 
ferred to a 50-ml. volumetric flask and adjusted to pH 3.6 by the 
addition of 0.25 ml. of a sodium citrate buffer per milliliter of aliquot. 
The mixture was then made to volume with a citrate-phosphate buffer. 
The pH of the final solution was maintained at 3.6 ±0.1. A 5-ml. 
portion of this solution was transferred to an absorption tube con- 
taining 5 ml. of the indicator (sodium 2,6-dichlorobenzenoneindo- 
phenol), and the photometric reading was made with an Evelyn 
photoelectric colorimeter with filter No. 520. Blank readings were 
obtained with 5 ml. of the citrate-phosphate buffer. The analyses 
were made in groups of 24, and approximately 100 determinations 
were completed in a day. The percentage of water in the plant tissue, 
which must be taken into account in calculating the ascorbic acid 
content, was determined by drying weighed samples in an electric 
oven at 103® C. for 18 hours. 

The manganese in the soil was determined by the ammonium 
persulfate method 305); an Evelyn photoelectric colorimeter 

with a No. 540 filter was used. Soil samples were taken with a soil 
auger to a depth of 14 inches from three places in each plot. The 
samples were taken immediately after the fourth harvest of pods in 
the spring. 

During the period from planting to the first spring harvest in 1941 
there occurred one of the severest droughts on record for this area. 
The beans were irrigated three times, but the heat was so intense 
that at times many of the plants drooped because they were not able 
to take up moisture as fast as needed. Many local commercial, 
nonirrigated bean plantings were abandoned, but the beans at the 
Vegetable Breeding Laboratory produced a normal crop, with only 
very slight nonxeco very from the drooping observed. 
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During the fall of 1941 the temperatures were much above normal 
for this area until about the time of the third harvest of pods. The 
fourth harvest of pods and the second picking of leaves occurred after 
the temperature had dropped to 28° F. for a short while. Only 
pods and leaves showing no frost damage were used in the chemical 
analyses. This planting was irrigated twice, but other beans grown 
without irrigation gave fair yields. 

RESULTS 

PRELIMINARY AND INCIDENTAL INVESTIGATIONS! 

A study was made to determine whether there was any relation 
between stage of maturity and ascorbic acid content. For this work 
six varieties representing both small- and large-podded types were 
used. Within each strain small size represented a relatively imma- 
ture pod, large size a slightly overmature one, and medium the size 
ordinarily harvested for canning or marketing. Equal numbers of 
records were not available for each strain. There were no significant 
differences between large, medium, and small pods within a strain. 
The ascorbic acid content for 58 pods of each size averaged 17.2, 16.9, 
and 17.6 mg. per 100 gm., respectively. 

The effect on ascorbic acid content of storage at 36° F. and at 98 
to 100 percent relative humidity was studied partly in combination 
with the stage-of-maturity experiment and partly on other materials. 
There was a slight but nonsignificant increase in ascorbic acid con- 
tent up to 72 hours, but at 96 hours there was a highly significant 
decrease of 6.94 mg., or 38 percent, from that of the 72-hour period 
(table 1). 


Table 1. — Effects of storage at 36° and 70° F. on ascorbic acid content of snap beans 


Average storage temperature 
F.) 

Ascorbic acid content per 100 gm. (fresh-weight basis) after storing for 
the number of hours specified i 

None 2 

24-48 

72 

96 

168 

36 3 1 

Milligram 

17.87 

16.25 

Milligram 

17.46 

15.04 

Milligram 

18.38 

10. 98** 

Milligram 
11. 44** 

Milligram 

70 ! 

9, 31** 




1 ** indicates that content was highly significantly different from that of samples that were analyzed 
immediately after picking (column 2). 

2 The difference in entries in this column is due to the difference in the varieties tested in the 2 groups. 

3 15 determinations at each period. 

< 30 determinations at each period. 

In another experiment the effects of storage at room temperature 
(70° F.) on ascorbic acid coutent were studied for various lengths of 
time up to 1 week. There was a slight decrease at 48 hours after 
harvest, and a sharp and significant one at 72 hours. At 168 hours 
there was a further decrease to somewhat more than half the initial 
amount, but the content was not significantly lower than at 72 hours 
(table 1) . The storage room was rather favorable for holding the 
beans in good condition, since it was cool and well ventilated and the 
beans were not exposed to sunlight. In this experiment relative 
humidity was not recorded. 

^ Parts of the preliminary investigations were carried out by S, A. Morell, formerly of the Division 
Emit and Vegetable Crops and Diseases. 
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A study was undertaken in the fall of 1941 to determine the dis- 
tribution of ascorbic acid in vaidous parts of the plant. Plants were 
selected from rows from which no pods or leaves had been harvested, 
and determinations were made on roots, pods, leaves, and stems. 
The large, sparsely leaved variety Stringless Black Valentine and the 
small, abundantly leaved strain VBL 19 were used. The roots 
were found to contain about half as much ascorbic acid as the pods, 
the leaves four to five times as much as the pods, and the stems as 
much as or nearly twice as much as the pods, depending upon the 
variety (table 2). 

Table 2. — Ascorbic add content of various parts of bean plants 
[Average of 3 determinations per variet 5 ' for each part] 

Ascorbic acid content per 100 grams (fresh-weight basis) 
of— ' 

Roots Pods 

Milligrams Milligrams 

Stringless Black Valentine * 10. 62 26. 38 

VBL 19 9.11 19.22 

Average 9,87 22.80 102.95 32.84 



A further study was made to determine the range of ascorbic acid 
content of a widely divergent group of beans. The lowest content 
per 100 gm. (8.13 mg.) was found in the pods of a promising hybrid, 
while the highest content (36.55) was found in those of the field bean 
Idaho No. 1 Mosaic Resistant Great Northern. In general, tender, 
high-quality strains or varieties, such as Blue Lake (12.23), U. S. 
No. 5 Refugee (19.40), and Kentucky Wonder (15.99), were low in 
ascorbic acid content, while the more fibrous strains or varieties had a 
higher content. An exception was the fibrous Sure Crop Wax, which 
was low in ascorbic acid content (13.83). 

MAIN INVESTIGATIONS 

The average ascorbic acid content of the 49 strains or varieties 
grown in the spring ranged from 19.1 to 28.7 mg. per 100 gm. per strain 
(table 3), while the values for the same strains grown in the fall were 
from 16.2 to 26.4. The averages for fall and spring combined ranged 
from 17.7 to 27.5 mg. The highest ranking variety (No. 48) was 
Bountiful; the lowest was the hybrid strain VBL 6 (table 3). 

There was a slight but highly significant decline in the ascorbic acid 
content of the spring crop of pods from the first two pickings to the 
third and fourth (table 4), but in the fall the first picking had an aver- 
age of less than half that of the first spring picking (12.16 vs. 24.41 
mg. per 100 gm.), and the difference is highly significant. The ascorbic 
acid content of the pods from the second fall picking was significantly 
below the average for the corresponding spring picking. The third 
fall picking was not significantly different from the third spring pick- 
ing, but the fourth was highly significantly above any of the other 
seven pickings. The coefficients of variability were 13.34 percent for 
the spring and 16.80 percent for the fall pickings. The average ascor- 
bic acid content was 23.39 mg. per 100 gm. for spring pickings, and 
none of the four series (replicates) diverged more than 4.96 percent 


Leaves Stems 


Milligrams Milligrams 
.101. 19 27. 93 

104. 71 37. 74 
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Table 3. — Ascorbic acid content of pods and leaves of 4^ strains or varieties of snap 
beans, Charleston, S, C., 1941 


Cross or variety 

Pods 

Leaves 

Spring 

Fall 

Both 

Spring 

Fall 

Both 

Ascorbic acid content 
per 100 gm. (fresh- 
weight 1 basis) 

g 

Ascorbic acid content 
per 100 gm. (fresh- 
weight 1 basis) 

Bank 

Ascorbic acid content 
per 100 gm. (fresh- 
weight 2 basis) 

1 

Ascorbic acid content 
per 100 gm. (fresh- 
weight 3 basis) 

Rank 

Ascorbic acid content 
per 100 gm. (fresh - 
weight ® basis) 

Rank 

Ascorbic acid content 
per 100 gm. (fresh- 
weight 1 basis) 

Rank 




Milli- 


Milli- 


Milli- 


Milli- 


Milli- 



grams 


grams 


grams 


grams 


grams 


grams 


VBL 1 

20.0 

46 

17,4 

46 

18.7 

46 

121.6 

26 

144.8 

43 

133.2 

40 

VBL 2 

21.9 

35 

18.5 

40 

20.2 

41 

109.4 

1 46 

160. 3 

22 

134.9 

36 

VBL 3. 

21.3 

38 

18.3 

41 

19.8 

42 

100.6 

49 

153.0 

35 

126. 8 

46 

VBL 4 

: 21.4 

37 

17.7 

44 

19.5 

43 

109. 8 

44 

155.6 

30 

132.7 

41 

VBL 5 

20,3 

43 

21.6 

14 

20.9 

34 

107.5 

48 

159. 9 

23 

133.7 

39 

VBL 6- 

19.1 

49 

16.2 

49 

17.7 

49 

108.4 

47 

142.5 

46 

125.4 

47 

VBL 7 

19.4 

48 

17.6 

45 

18.5 

47 

120.8 

28 

150.2 

37 

135.5 

34 

VBL 8 

23.1 

29 

20.6 

20 

21.9 

24 

125.6 

17 

147.9 

1 40 

136.8 

32 

Brittle Wax (No. 9), 

25. 6 

9 

21.3 

16 

' 23.5 

11 

132.8 

4 1 

155. 2 

34 

144.0 

17 

VBL 10. 

23. 5 

‘ 25 

22.9 

7 

23.2 

13 

118.2 

35 

164.7 

15 

141.4 

20 

VBL 11 

22.2 

1 33 

1 22,8 

I 8 

22.5 

20 

121.3 

27 

157.8 

26 

139. 6 i 

25 

VBL 12 

25.2 

10 

21.3 

1 15 

23.3 

12 

124.5 

21 

165.5 

31 

140.0 

24 

VBL 13.,. - 

24.6 

16 

23.7 

5 

24.1 

8 

112,9 

43 

161. 4 

19 

137.2 

31 

VBL 14. 

23.2 

28 

19.1 

33 

21.1 

30 

129.0 

8 

182.6 

2 1 

155. 8 

2 

VBL 15 

20.1 

44 

21.9 

12 

21.0 

33 

123.8 

22 

164.6 

16 

144.2 

16 

VBL 16 

20.0 

45 

16.4 

48 

18.2 

48 

117. 4 

37 

147.4 

41 

132.4 

43 

VBL 17 

27.9 

3 

20.3 

21 

24.1 

7 

122.9 

24 

169.3 

8 

146. 1 

13 

VBL 18 

21.2 

41 

19.9 

26 

20.5 

37 

120. 2 

29 

155.3 

33 

137.7 

29 

VBL 19 

26.6 

5 

19.2 

32 

22.9 

15 

109.8 

45 

170. 5 

7 

140.1 

23 

VBL 20 

23.3 

27 ! 

20.2 


21.8 

25 

118.7 

33 

149.3 

39 

134.0 

38 

VBL 21 

23.6 

23 

19.8 

29 

21.7 

26 

126.4 

15 

161.0 

20 

143.7 

18 

VBL 22 

22.1 

34 

18.8 

38 

20.4 

38 

116.0 

38 

147. 2 ; 

42 

131.6 

45 

VBL 23 

22.6 

31 

18.2 

42 

20.4 

40 

123.6 

23 

162. 9 ^ 

18 

143.2 

19 

VBL 24 

25.1 

11 

20. 3 

22 

22.7 

19 

119.0 

32 

156. 7 ' 

27 

137.8 

28 

VBL 25. 

19.6 

47 

18.1 

43 

18.8 

45 

119.6 

30 

144.3 1 

45 

132. 0 

44 

VBL 26 

23.6 

24 

18. 6 

39 

21.1 

31 

117.4 

36 

150.9 

36 

134. 2 

37 

VBL 27 

24.1 

20 

19.8 

28 

21.9 

23 

113.3 

40 

156. 6 ; 

29 

134. 9 

35 

VBL 28- 

24.8 

15 

24.4 

4 

24.6 

4 

127.2 

11 

155.5 

32 

141. 3 

21 

VBL 29 

25.0 

13 

22.6 

9 

23.8 

9 

113.1 

41 

137.2 

48 

125.2 

48 

VBL 30. 

20.4 

42 

21.0 

19 

20.7 

35 

113.1 

42 

134.1 

49 

123. 6 

49 

VBL 31 

25.0 

12 

23.2 

6 

24.1 

6 

122.4 

25 

184.3 

1 

153,4 

3 

VBL 32... 

21.5 

36 

19.9 

27 

20.7 

36 

114.9 

39 

159.6 

24 

137.3 

30 

VBL 33 

26.3 

6 

19.7 

30 

23.0 

14 

129.4 

7 

165.0 

14 

147.2 

11 

VBL 34 

24.2 

19 

18.9 

37 

21.6 

27 

125.4 

18 

163.2 

17 

144. 3 

15 

VBL 35 

24,0 

21 

20.1 

24 

22.0 

22 

131.2 

5 

150.0 

38 

140.6 

22 

VBL 36 

23.9 

22 

19.0 

35 

21.4 

28 

134.2 

3 

161.0 

21 

147. 6 

9 

VBL 37 

21.2 

39 

19.7 

31 

20.4 

39 

127. 6 

10 

166.2 

12 

146.9 

12 

VBL 38 

24.6 

17 

21.0 

18 

22.8 

17 

129.5 

6 

173.2 

4 

151. 4 

5 

VBL 39 

25.7 

8 

20.0 

25 

22.9 

16 

118.5 

34 

157,9 

25 

138.2 

26 

VBL 40 

22,5 

32 

21.7 

13 

22.1 

21 

125.7 

16 

169.1 

9 

147.4 

10 

VBL 41. 

27.1 

4 

22.0 

11 

24.6 

5 

127.6 

9 

168.8 

10 

148. 2 

8 

VBL42,.. 

24.4 

18 

21.2 

17 

22.8 

18 

134.7 

2 

168.5 

11 

151.6 

4 

VBL 43 

23.1 

30 

19.1 

34 

21.1 

32 

126. 5 

14 

172. 1 

5 

149. 3 

6 

VBL 44. 

23.4 

26 

19.0 

36 

21.2 

29 

135.8 

1 

179.8 

3 

157. 8 

1 

VBL 45....... 

24.9 

14 

22.4 

10 

23. 7 

10 

125.0 

19 

166.0 

13 

145.5 

14 

VBL 46 

28.2 

2 

26.4 

1 

27.3 

2 

124.9 

20 

139.9 

47 

132.4 

42 

VBL 47 ■ 

21.2 

40 

17.4 

47 

19.3 

44 

127.2 

12 

144. 6 

44 

135. 9 

33 

Bountiful (No. 48).. 

28.7 

1 

26.3 

2 

27.5 

1 

126.8 

13 

170.7 

6 

148. 8 

7 

Stringless Black Val- 













entine (No. 49).... 

25.8 

7 

25.4 

3 

25.6 

3 

119.2 

31 

156. 6 

28 

137. 9 

27 

Average 

23.39 


20. 42 


21. 91 


121. 44 


158. 58 


140. 0 















Significant dif- 













ference: 













6-pereent 













point ^ 

2. 53 


2.78 


1.88 


14.69 


24. 28 


13. 45 


1-percent 













point 

3.35 


3.64 


2.49 


19.45 


32. 15 


18. 67 
















1 Average of 4 harvests (16 determinations). 

2 Average of 8 harvests (32 determinations). 

3 Average of 2 harvests (8 determinations). 

^ Significant difference for strain means. 
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from this amount; in the fall the average was 20.42 mg., and none of 
the series diverged more than 5.53 percent. If the first picking in the 
fall is excluded, the average for fall is 23.17, almost identical with the 
spring value. 

In both spring and fall there was a decline in ascorbic acid content 
of the leaves from the first picking (a few days later than the second 
picking of pods) to the second picking (a few days later than the fourth 
picking of pods). The average level of ascorbic acid in leaves was 
much lower in the spring than in the fall (121.4 mg. vs. 158.6 mg. per 
100 gm.) (table 4). The coefficients of variability for spring and fall 
were 10.55 percent and 13.36 percent, respectively. In the spring 
the most divergent I'eplicate differed by 6.09 percent from the mean, 
while in the fall the most divergent replicate differed by 7.19 percent. 
The average content of the leaves for the average of spring and fall 
harvests varied from 123.6 mg. to 157.8 mg. per 100 gm. 

Table 4. — Average ascorbic acid content of 4^ strains or varieties of snap beans in 
7'elation to weather during the 4S hours before picking, Charleston, S. C., 1941 

[196 samples at each picking date] 

PODS 



Ascorbic 
acid con- 

Weather conditions 

Crop and picking date 

tent per 100 
gm. (fresh- 
weight 
basis) 

Sunshine 

Average 
tempera- 
, tui-e 

Kainfall 

Spring crop: 

May 27 

MiUigrams 

24.41 

Hours 

26 

® F. 

75 

1 

Inches 

0 

June 2 

24.61 

12 

80 

0 

June 8 - - 

21.96 

25 

77 

0 

June 14 

22.60 

17 

78 

0 


Average (784 samples) 

23.39 i 








Fall crop: 

Oct. 21 

12. 16 

2 

75 

0. 32 

Oct. 28 

21. 47 

16 

70 

0 

Nov. 3 - - 

21. 32 

13 

70 

.27 

Nov. 10 

26. 73 

20 

53 

0 


Average (784 samples) 

20. 42 








Significant difference Miqs: 

6-percent level 

.68 




l-percent level 

.89 




Significant difference M 784 : 

^percent level 

.39 




1-percent level 

.45 









LEAVES 


Spring crop: 

Junes - 

1 

128.64 

21 

64 

! 0 

June 17 

114.22 

15 

49 

i ■ ® 


Average (392 samples) 

121,44 



i 





Fall crop: 

, Oct. 31 

179.79 ! 

11 

64 

0 

Nov. 12 

137.38 

15 

49 

0 



Average (392 samples) 

158.58 








Significant difference Mige*. 

5-pereent level - - 

3.84 




l-percent level 

6.05 




Significant difference Maej: 

5-percent level 

2. 72 




1-I)ercent level 

3.57 
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The average amount of ascorbic acid in the spring crop of pods was 
19.26 percent of that in the leaves. In the fall this value dropped to 
12.88 percent. On the basis of absolute amounts the fall average of 
pods was 87.26 percent of the spring amount, but the spring average 
for leaves was only 76.58 percent of the fall average. 

In both spring and fall there was a nonsignificant negative correlation 
of the ascorbic acid content of the first and second harvest of pods 
with that of the first harvest of leaves, —.084 and —.007. In the case 
of the third and fourth harvest of pods and the second harvest of 
leaves there were positive correlations of +.444** ^ and +.302*. 

The manganese content of the soil was positively correlated with 
the ascorbic acid content of the spring crop of pods, +.173*, and nega- 
tively correlated with the content of the spring harvest of leaves, 
— .136. The manganese content of the soil varied from 55 to 329 
p. p. m., with a mean content of 167 p. p. m. for the plots on which 
the spring crop was grown. 

DISCUSSION 

Preliminary investigations indicated that stage of maturity was 
not associated with large differences in the ascorbic acid content of 
pods. This finding confirmed that of Mack, Tapley, and King (7), 
who reported that there was not much difference between immature 
and overmature pods, and that the least ascorbic acid occurred in 
beans of the mature marketable stage. The differences between the 
three classes were much less than those found by Mack, Tapley, and 
King. Most of the analyses of pods reported in this investigation 
(table 3) were made on pods of marketable maturity. 

Storage at 36° F. was much more effective in conserving ascorbic 
acid than storage at room temperature (70°). However, up to 48 
hours there was not much difference in conservation of values between 
refrigeration and room temperature. After 48 hours there was a sharp 
drop in the ascorbic acid content of pods held at room temperatures, 
but under refrigeration the sharp drop did not come until after 72 hours. 
In a week at room temperature pods lost approximately half their 
original ascorbic acid content. Mack, Tapley, and King (7), using 
four varieties of snap beans, three sets of temperatures, and 6 days of 
storage, found markedly greater losses for both storage periods and 
temperatures than were found in these experiments. Humidity may 
have some bearing on this, since Mack, Tapley, and King stored at 
60 to 70 percent relative humidity, and in the experiment reported 
here the relative humidity for the 36° storage groups was 98 to 100 
percent. That humidity has a bearing on the retention of ascorbic 
acid is indicated by Harris, Wissmann, and Greenlie {5). They indi- 
cated that the rate of destruction of the vitamin in six vegetables, 
including snap beans, stored at an average relative humidity slightly 
less than 65 percent averaged about 64 percent greater than in cor- 
responding samples stored at an average relative humidity of 93 
percent. 

Analyses of various parts of the bean plant indicated that roots 
do not store much ascorbic acid and that stems and pods have much 
less than leaves. These results agree quite well with those obtained 


5 Values marked are statistically significant by odds of 99 : 1 or more; values marked * are significant .by 
odds of 19 : 1 or more, but less than 99 : 1. 
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by Reid (10) in a study of the distribution of ascorbic acid in cow- 
pea plants. 

The small correlations obtained between manganese content of the 
soil and ascorbic acid content of pods and of leaves indicated that in 
this experiment the manganese content was not a limiting factor al- 
though varying from 55 to 329 p. p. m. of soil. Hester (0) found a 
positive correlation between the manganese content of soil and the 
ascorbic acid content of tomatoes. 

Varieties with large pods ranked highest in ascorbic acid content, 
but some of the smaller podded varieties also ranked high. Large- 
podded varieties used in this study also have relatively large seeds, 
and the pods tend to fill out more quickly than those of the small- 
podded strains. The varieties ranking highest in the Mack, Tapley, 
and King study (7) were those showing the same tendencies. The 
first four ranking strains all have large, market types of pods, while 
VBL 41, with the rank of 5 for a combination of both fall and spring, 
has a smaller, canning type of pod. The flat-podded types. Bountiful 
(No. 48) and VBL 46, ranked 1 and 2 and the oval-podded types, 
Stringiess Black Valentine (No. 49) and VBL 28, ranked 3 and 4; 
while round types were not represented until 5, 6, and 7, with VBL 41, 
VBL 31, and VBL 17, respectively. That flatness is not closely as- 
sociated with high ascorbic acid content was indicated by the fact 
that the fiat strain VBL 14 had a rank of 30. 

Leafiness is a characteristic that might be expected to influence the 
ascorbic acid content of pods, since in citrus fruits it has been found 
that those fruits which are more exposed to sunlight on the outer 
parts of a tree have a greater ascorbic acid content than the more 
shaded fruits from the inner parts of the tree (S, 4)- VBL 46 and 
Bountiful (No. 48) have a few large leaves and the pods are much 
exposed to sunlight, whereas VBL 19 and VBL 41 have an abundance 
of leaves which exclude a good deal more sunlight than the first two 
mentioned. The average (spring and fall) ascorbic acid content of 
the pods of VBL 46 and Bountiful was much greater than that of 
VBL 19 and VBL 41, but in the spring there was not much difference. 
In the eaiiy fall when there was less sunshine but hotter weather the 
ascorbic acid content of VBL 19 fell off sharply, but later in the fall 
when temperatures were lower and light intensity was further re- 
duced, it approached that of Bountiful. 

A study of the rankings of the pods of the 49 strains or varieties 
studied (table 3) indicates that on the average a strain which had a 
relatively high level of ascorbic acid in the spring likewise had a high 
level in the fall, and vice versa. Bountiful (No. 48), for instance, 
ranked 1 in the spring and 2 in the fall, while VBL 6 ranked 49 in both 
seasons. However, there were important exceptions to this general 
rule. VBL 19, which ranked 5 in the spring, ranked 32 in the fall, and 
VBL 5, which ranked 43 in the spring, ranked 14 in the fall. Possibly 
some of these interactions of ascorbic acid content with season may be 
part of the response of certain strains to length of day. Possibly, also, 
if ascorbic acid is needed in the metabolism of the bean plant, the leaves 
may utilize more and those of different varieties may utilize different 
quantities of it during periods of adverse weather. That ascorbic acid 
is needed in the metabolism of the plant is indicated by Reid (11). 
When the pods of VBL 19 ranked 5 in the spring, the leaves (table 3) 
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ranked 45; but, when the pods ranked 32 in the fall, the leaves ranked 
7 in ascorbic acid content. 

VBL 1 to 8, Brittle Wax (No. 9), and VBL 15 to 27, inclusive, are 
wax-podded strains; all others are green-podded. These 22 wax- 
podded strains had on an average much less ascorbic acid in the pods 
than the 27 green-podded strains, but that high content is not closety 
associated with the green-podded condition was indicated by the high 
rank attained by VBL 17 (a wax-podded type), which ranked 7 for 
spring and fall combined. 

The two strains which had the highest average ascorbic acid content 
in the pods were strikingly different in the ascorbic acid content of the 
leaves. Bountiful (No. 48), which ranked 1 for content of pods, 
ranked 7 for leaves, while VIBL 46, which was 2 for content of pods, 
ranked 42 for leaves (based on the averages for spring and fall com- 
bined). Considering all strains in the spring, there was a very small 
nonsignificant negative correlation (—.034) between first and second 
harvest of pods and first harvest of leaves. In the fall the correlation 
for these items was —.007. Between the third and fourth harvests of 
pods with second harvest of leaves the correlation was +.444** for 
spring and +.302* for fall. 
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Figure 1. — Mean temperatures during the growing of two bean crops at Charles- 
ton, S. C. 


Bountiful has light-green leaves and pods, Stringless Black Valentine 
has dark leaves and dark pods, and VBL 46 has medium-dark leaves 
and pods. For the total of all harvests the pods of these varieties 
ranked 1, 3, 2 and the leaves 7, 27, 42, respectively, in ascorbic acid 
content. This indicates that it is doubtful whether any significant 
relation exists between the intensity of green pigmentation of the 
strains and the amount of ascorbic acid in the pods. 

The distribution of the temperatures for the spring and fall crops 
was strikingly different (fig. 1). The average temperatures based on 
weekly means were almost identical for the entire growing period, i. e., 
approximately 70° F. in both cases. Despite the great difference in 
weather conditions preceding the fii'st pod harvest in the spring and 
that in the fall, both the lowest and the highest average ascorbic acid 
content were found in the fall crop, and (excluding the first fall pod 
haiwest average) the spring and fall means were nearly identical (23 .39 
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and 23.17, respectively). It appears that the ascorbic acid content 
of the pods was not much influenced by the weather during the period 
from planting to harvest. Mack, Tapley, and King (7) reported no 
significant seasonal effect over a period of 3 years. Considering the 
differences in soil and climatic conditions between Geneva, N. Y., and 
coastal South Carolina, some of the results are strikingly similar. For 
instance, Mack, Tapley, and King (7) found a value for U, S. No. 5 
Refugee identical with that found here (19 mg. per 100 gm.) ; for Blue 
Lake they found a value of 11 mg., while that for Charleston was 
12 mg. 

A report of the sunshine, temperature, and rainfall during the 48-hour 
period just prior to each harvest (table 4) was obtained from the local 
station of theUnited States Weather Bui*eau, Smiles away. It is notice- 
able that the October 21 harvest with its very low average was preceded 
by a 48-hour period during which there were only 2 hours of sunshine. 
Since carbohydrate substances are known to be low during periods of 
low light intensity, it might reasonably be expected that a low concen- 
tration of ascorbic acid would be found in the pods during a period of 
low light intensity extending over a period of 2 days. That tempera- 
ture during this period was not an especially important factor is indi- 
cated by the fact that, although the temperature was lowest for the 
highest ranking harvest of pods, it was highest for the next highest 
ranking harvest. 

Although the average for the pods was significantly lower for fall 
than for spring, the reverse was true for the leaves, and the lowest 
value obtained for the leaves in the fall was higher than the highest 
values obtained for the leaves in the spring. The second picking of 
leaves in both spring and fall averaged much below the first picking 
in each case, suggesting that the problem is one of translocation in 
the course of which the leaves tend to become somewhat exhausted of 
their ascorbic acid. The data in table 2 suggest that there is a trans- 
location gradient from leaves to stems to pods to roots. The problem 
is somewhat complicated by the fact that in the spring there was a 
very dry windy period during May and June in which water losses 
from the leaves were so high that temporary wilting of the leaves 
occurred despite adequate applications of inigation water. Although 
the fall crop was grown at a slightly higher average temperature, no 
wilting of leaves was observed at any time. There is also the addi- 
tional complication that in the spring the days were becoming longer, 
while in the fall they were becoming shorter. 

The coefficients of variability for ascorbic acid content of pods for 
spring and for fall were less than the corresponding coefficients of 
variability for yield of snap beans from the same plants and less than 
those usually found for snap bean and seed bean yields at the Charles- 
ton station. The soil on which the crops were grown was moderately 
uniform, and there was not much variation in ascorbic acid from one 
replicate to another. Most of the differences found could be accounted 
for by differences in variety and season. In no case did any picking 
or any combination of pickings of pods or of leaves fail to show sig- 
nificant varietal differences. The first picking of pods in the fall 
differed significantly from all other pickings and was the major 
factor in the significant seasonal difference observed. These i^esults 
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contrast strikingly with those obtained by Currence {2) in experi- 
ments with tomatoes grown under field conditions in Minnesota. He 
found some interaction of variety and season, but in general the 
varieties that were high in ascorbic acid in the spring were also high in 
the fall, and vice versa. It is probable that the coeffiicients of vari- 
ability would have been somewhat less if all the 46 VBL strains had 
been homozygous. Many of these strains were still segregating for 
various horticultural characteristics, and consequently any genetic 
variability for ascorbic acid content that may have occurred would 
be confounded with the random error component of the variance 
analysis. 

SUMMARY AND CONCLUSIONS 

In preliminary experiments it was found that stage of maturity — 
immature, marketable, and overmature — made only very slight dif- 
ferences in the ascorbic acid content of snap beans. MarketaWe pods 
were used in all the varietal experiments. 

All pods and leaves used in the varietal experiments were analyzed 
either immediately or within 48 hours after storage at 36^ F. Storage 
at 36° prevented loss of ascorbic acid much better than storage at 
room temperature, but there was not much difference in the two 
storage treatments until after 48 hours. The leaves had the highest 
ascorbic acid content, followed in order by the stems, pods, and roots, 
suggesting a translocation gradient. 

In an experiment carried out in the fall of 1941 with several strains 
and varieties of beans, it was foxmd that in general the higher quality 
varieties, such as Blue Lake, U. S. No. 5 Refugee, and Kentucky 
Wonder, had much less ascorbic acid than more fibrous beans, such 
as the field bean Idaho No. 1 Mosaic Resistant Great Northern. 

In the major experiment reported, 46 hybrid strains and 3 commer- 
cial varieties were arranged in a lattice square in 4 replicates, and 
ascorbic acid determinations were made from each of 4 pickings of 
pods from a spring planting and the same number from a similar fall 
planting. Determinations were made on leaves corresponding as 
closely as possible in each case to second and fourth pickings of pods. 

There were significant varietal differences for each picking and for 
the average of all pickings. The strains tested varied from 19.1 mg. 
per 100 gm. to 28.7 in the spring, from 16.2 to 26.4 in the fall, and 
from 17.7 to 27.5 for fall and spring combined. The variety with the 
highest ascorbic acid content was Bountiful (No. 48), although there 
was no significant difference between it and hybrid VBL 46, which 
resembles it. All other strains contained significantly less ascorbic 
acid than Bountiful on the basis of the complete set of data for pods. 
Although high-quality strains contained significantly less ascorbic 
acid than Bountiful, some were sufficiently close to justify the belief 
that it is possible to combine high quality with a very high ascorbic 
acid content. 

In general, if a strain ranked high or low in ascorbic acid in the 
spring, it had a similar rank in the fall, although there were enough 
exceptions to indicate that some strains would rank much higher 
under one set of conditions than under another. 

There were very significant differences between strains in respect 
to the ascorbic acid content of their leaves. The leaves were always 
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much higher in ascorbic acid than the pods. The lowest average 
content of leaves in the fall was higher than the highest content in 
the spring. 

Consideration was given to ascorbic acid content in relation to size 
of pod, leafiness of plant, waxiness or greenness of pods, intensity of 
gi'eenness in leaves and pods, and weather conditions at harvesting 
time and to correlations between ascorbic acid content of pods and 
that of leaves. 

A small, significant, positive correlation was found between man- 
ganese in the soil and the ascorbic acid content of the combined har- 
vests of pods for spring, and a small negative, nonsignificant corre- 
lation between manganese in the soil and the ascorbic acid content of 
the combined harvests of leaves for spring. 
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EFFECT OF PHOTOPERIOD ON RICE VARIETIES 
GROWN IN THE FIELD ^ 

By H. M. Beaghell 

Assistant Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant In- 
dustry, Agricultural Research Administration, United States Department of 

Agriculture. 

INTRODUCTION 

Hundreds of varieties of rice (Oryza sativa L.) have been introduced 
into the United States from the principal rice-producing countries of 
the world for possible use in rice im,provement. W‘hen varieties in- 
troduced from the Tropics are grown in the Southern States, they 
often fail to head or else head so late that they do not set seed or 
mature before the plants are killed by cold. This behavior in the 
United States apparently is due to the longer days, which delay head- 
ing, and to the cooler weather, which retards maturity, as compared 
with conditions in the Tropics. 

Many tropical varieties, when grown under long natural daylight 
periods in temperate regions, make a rather vigorous vegetative growth 
and have a tendency to continue growth until the short days of late 
autumn. They may then head slowly and unevenly, set a few seed on 
comparatively long panicles, but fail to m.ature normally. On the 
other hand, some late-maturing varieties from. tem.perate regions, 
when grown in the Tropics under relatively short-day conditions, 
produce rather small plants with few tiUers, bearing short panicles 
that set seed and m,ature m.uch earlier than in tem.perate climates. 

Fortunately, certain varieties from the Tropics head early enough 
to m.ature seed in the South, and these or selections from them have 
proved to be well adapted for growing there. Rice breeders are for- 
tunate in that am.ong the rice varieties grown in various parts of the 
world there m,ay be found marked differences in physiological response 
to light and temperature conditions. 

The known photoperiodic response of rice varieties can be used to 
advantage by rice breeders in controlling the tim,e of heading of va- 
rieties to be used in hybridization. Also, information as to varietal 
reaction to early and late seeding can be obtained by tests of photo- 
periodic response. The present paper reports the effect on time of 
heading and plant growth of different day lengths obtained by cover- 
ing field-grown plants to exclude light for various periods. 

REVIEW OF LITERATURE 

The effect of the relative length of day and night upon the tim.e of 
flowering of plants, reported by Garner and Allard (4, 5, has been 
studied by^ num.erous investigators working with rice. In pot ex- 
perim.ents, in which a few plants per treatment were used, Eguchi (f), 

1 Received for publication March 27, 1942. Cooperative investierations of the Division of Cereal Crops and 
Diseases, Bureau of Plant Industry and the Texas As:ricultural Experiment' Station, 

2 Italic numbers in parentheses refer to Literature Cited, p. 340. 
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Fuke (5), Kondo et al, (9, iO), MiyasMro (11), Noguchi (12, IS), 
Tabata et al. (15), and Yoshii (16) all report a reduction in the number 
of days required for rice to reach the heading stage when the length of 
day was shortened. In date-of-seeding experim.ents^ in pots and 
under field conditions, Adair (1), Jenkins (7), and Scripchinsky (1^) 
reported a reduction in the tim.e required for rice to mature as date of 
seeding was delayed. 

Tabata et al. (15) limited Japanese rice varieties to 8 hours of sun- 
light per day as early as 54 days after seeding. The earliest treat- 
ments reduced the tim.e from seeding to heading as much as 22 days, 
whereas the treatm.ents begun after the plants were well advanced had 
no effect on time of heading. The short-day treatm.ents reduced the 
yield of grain. 

Miyashiro (11) found that a 10-hour daylight period, beginning 84 
to 86 days after seeding, hastened heading by about 1 week. He also 
reported that light interception during the m.orning delayed heading 8 
to 9 days, whereas afternoon light interception had no effect on tim.e 
of heading. 

Yoshii (16) used a 9-hour light period, beginning at an early stage 
of plant development, and reduced the time required from seeding 
to heading of late varieties by about 2 weeks. He also reported that 
daily light periods of 5 and 9 hours, especially with late-maturing 
varieties, increased the number of tillers per plant and slightly reduced 
the length of panicles, yield of grain, and plant height. 

Fuke (S) concluded that, as a rule, short-day treatments are most 
effective when used on plants that have seven to nine leaves and are 
beginning to tiller freely. Treatments starting 30 days prior to 
natural heading are slightly less effective, and treatments beginning 
before the plants have seven to nine leaves, or 16 days prior to natural 
heading, are relatively ineft'cctive, 

Kondo et al. (10) found that short-day treatments increased the 
number of tillers and had no effect on length of panicles but caused a 
reduction in grain yield and plant height. They also reported that 
rice grown under 8 hours of light per day, divided into twn or three 
periods in which the over-all time from beginning to end of photoperiod 
was 12 hours, headed at essentially the same time as when grown 
under a continuous 8-hour light period. When grown with 12 hours 
of light, divided into two periods in which the over-all time from 
beginning to end of photoperiod was 16 hours, the plants reacted as 
to a long day and did not head. When grown with 12 hours of 
continuous light, the plants reacted as to a short day, and heading was 
accelerated. They also found that the time of heading of an ex- 
tremely early variety from Hokkaido, Japan, grown under a short-day 
treatment, was unaffected, whereas the time of heading of an ex- 
tremely late Formosan variety was greatly accelerated by the short day. 

In other studies, Kondo et al. (P) limited the daily light periods 
from transplanting to heading to 8 or 12 hours. The treatments 
reduced the time to heading by as much as 1 to 2 months. They 
also reported two periods of heading for seedlings limited to 8 or 12 
hours of daylight during the entire seedbed period followed by normal 
daylight. The first period was much earlier and the second later than 
normal.' ' 

Eguchi (^2) placed early- and late-maturing rice varieties in different 
groups based on their reaction to short-day treatments. In late- 
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maturing varieties, the short-day treatment accelerated the differen- 
tiation of flower buds but, when continued, had no effect upon subse- 
quent development of the differentiated buds. In the case of early- 
maturing varieties, both time of differentiation and further develop- 
ment of flower buds were found to be independent of day length. 

Jenkins (7), in commenting on date-of-seeding experiments with 
rice, stated that — 

Some varieties tend to have a comparatively fixed growing period, while in others 
it appears that heading will not take place until a certain time in the fall after 
which their growdng periods shorten materially. 

Date-of-seeding experiments reported by Adair (i) show that the rice 
varieties referred to as ^ ^sensitive’ ^ decreased markedly in plant height 
and in time required to reach the heading stage as the seeding was 
delayed. Varieties referred to as ‘^indifferent'^ in most cases showed 
no consistent differences in plant height and smaller and less consistent 
differences in time required to reach the heading stage as the date of 
seeding was delayed. 

MATERIAL AND METHODS 

In 1936, 10 varieties of rice, growing in the field at substation No. 4 
of the Texas Agricultural Experiment Station at Beaumont, Tex,, 
were subjected to controlled photoperiods during different stages of 
growth. Jones (S) has described 6 of the varieties grown in this 
study. Of the remaining 4, Kameji is a midseason, short-grain 
Japanese variety and C, I.'^ 6993 is a very early, short-grain Japanese 
variety. C. I. 8lC and C. I. 4700, medium-grain varieties that tiller 
profusely, were introduced from the Philippine Islands. The first- 
named variety matures early, while the latter matures very late. 

A single row 203 feet long of each variety was sown on April 13. 
The rows were spaced 8 inches apart and the seeds were spaced 
4 inches apart within the rows. The first seedlings emerged on 
April 29, and all seedlings had emerged by May 6. The area was 
divided into 58 plots, and each plot included a 3K“foot-row section of 
each variety. The treated plots were distributed in a systematic 
fashion along with 4 untreated or normal-day plots. The treated 
plots were duplicated. 

The length of day was controlled by covering the plants for definite 
periods with frames covered with mumshade cloth. These frames 
were 3 K feet wide, 8 feet long, and 2)i feet high. Medium-weight 
unbleached muslin was placed outside the mumshade cloth to reflect 
heat and thus assist in maintaining “ a nearly normal temperature 
under the cover. 

The plants were covered daily for 10-day periods beginning June I, 
11, and 21, and July 1, that is, 49, 59, 69, and 79 days after seeding; 
for 20-day periods beginning June I, .11, and 21; and for 30-day 
periods beginning June 1 and 11. On June 1 the plants were in the 
fourth-leaf stage and, with but few exceptions, had not started to tiller. 
Threnlength-of-day treatments, oii adjacent plots, were obtained by 
covering the plants for the following periods: (1) From 6 p. m. to 
8 a. m.; (2) from 8 a. m. to 1 p. m.; and (3) from 1 to 6 p. m. 

The length and distribution of light and dark periods for the treat- 
ments and the natural days are shown in figure 1 . Covering periods 


2 C. I, refers to accession number of the Division of Cereal Crops and Diseases. 
^ A black cloth for preventing light infiltration. 


'APR. J3 (5:41) > SUNRISE 
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Figure 1. — Length and distribution of various light periods studied and length of the normal day on 

April 13j June 26, and September 10. 
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2 and 3 are referred to as the split-day treatment, because the plants 
received light from daybreak until covered and from, the end of the 
covering period until darkness. 

The number of hours between sunrise and sunset during the growing 
season ranged from 13 hours 1 minute, on April 13, to 14 hours 
5 minutes, on June 25. By September 10 the normal day had been 
reduced to 12 hours 30 minutes. On June 1, when the covering 
treatments were started, and on July 10, when they ended, there was 
13 hours 57 minutes between sunrise and sunset. 

Data were obtained on an average of 14.6 plants of each variety 
for each covering period and 29.9 plants of each variety for the control 
(plants of noimal-daylight period), m.aking a grand total of 4,227 
plants in all treatments. The various characters studied for each 
plant were: (1) Date of first panicle emergence from the boot; (2) num- 
ber of tillers and panicles; (3) length of panicle on tallest tiller and 
height of tallest tiller; (4) average grain and straw weights. The 
average grain and straw weights are based on the total weights of 
grain and straw per row divided by the numher of plants. Student^s 
test for unique sam.ples was used to determine whether the differences 
between plots covered from. 8 a. m. to 1 p. m. and those covered from 
1 to 6 p. m.. were significant. 

EXPERIMENTAL RESULTS 
TIME OF HEADING 

The effect on the number of days required from, seeding to first 
panicle em.ergence of 10-hour photoperiods for 10, 20, and 30 days, 
beginning at different stages of growth, is shown in table 1. The 
varieties were placed in two groups, based on their reaction to the short- 
day treatm.ents. In group 1, the sensitive’^ varieties, a marked 
reduction in the number of days required from, seeding to heading 


Table 1. — Effect on time of panicle emergence in 10 rice varieties of 10-hour photo- 
periods for 10, 20, and SO days at different stages of growth 



Aver- 

Aver- 

Average period from seeding to first panicle emergence 
when covered daily for— 

Group and variety 

age 

plants 

per 

treat- 

riod to 
panicle 
emer- 
gence of 
control 

10 days beginning — 

20 days beginning— 

30 days 
beginning— 


ment 

June 

1 

June 

11 

June 

21 

July 

1 

June 

1 

June 

11 

June 

21 

June 

1 

June 

11 

Sensitive varieties: 

Number 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

C. 1. 81C - 

13.9 

107. 1 

88.3 

90.6 

97.3 

103.4 

80.3 

86,6 

95.3 

80.6 

87.6 

Caloro- — 

12,9 

114.2 

86.6 

91.2 

98.2 

107.4 

83.1 

88.0 

96.5 

80. 7 

88.0 

Kameji— 

15. 1 

121. 2 

81, 8 

89.0 

96.8 

108,9 

78.0 i 

85.9 

94.4 

78.4 

85.1 

Improved Blue Bose, . 

17.2 

131. 0 

90.7 

92.4 

101.0 

112.4 

80.5 

87.7 

97.1 

82.4 

87.1 

0. 1. 4700 

17.3 

146.0 

89.9 

95.4 

106.7 

119.2 

79. 6 1 

87.5 

97. 3 

77. 3 

87.3 

Average 

15. 3 

123. 9 

87.5 

91.7 

100.0 

110.3 

80.3 

87.1 

96.1 

79.9 

87.0 

Less sensitive varieties: 

0. 1. 6993 

! 

5.6 

85.5 

78. 8 

83.0 

85.8 

86.4 

77.2 

81.4 

86. 2 

' 80.0 

84.0 

Shoemed-,- 

15.4 

115. 7 

113.8 

103.8 

103. 0 

108. 7 

96.4 

94. 3 

100,0 

93.5 

' 93.2 

Nira 

16.0 

124 . 6 

126. 6 

124.4 

118.2 

118. 1 

125.3 

114. 8 

110.8 

117.7 

110.6 

Fortuna 

15.9 

124.8 

125.2 

125.0 

119.5 

117.4 

125. 4 

117.3 

111.7 

123. 5 

114.3 

Bexoro_ 

15.0 

145.8 

147.6 

145. 3 

129. 8 

125.6 

147.6 

120. 5 

112, 5 

138. 9 

109.5 

Average--. 

13.6 

119.3 

118.4 

116,3 

111.3 

111.2 

114.4 

105.7 

104.2 

110.7 

102. 3 


330 


Journal oj Agricultural Research 


Vol. m, No. 9 


occurred for the earliest 10-, 20-, and 30-day covering periods, followed 
by a more gradual and less marked reduction as the date of covering 
was delayed. While there was a progressive increase in the number 
of days required to head for the successively later covering periods, all 
varieties treated headed earlier than the controls. The smallest re* 
duction was 3.7 days for C. I. 8lC, covered daily for 10 days beginning 
July 1, and the largest reduction was 68.7 days for C. 1. 4700, covered 
30 days starting June 1. The 10-, 20-, and 30-day covering periods 
had the same general effect on date of heading, but the longer covering 
periods showed slightly more effect. 

All sensitive varieties, except a few plants and C. I. 8lC, when 
covered for 10 days starting June 1, headed during two periods. 
The variety C. I. 4700 also reacted in this m.anner to a limited extent 
for the 10-day covering period beginning June 11. The short covering 
periods, at this stage of seedling development, caused the tillers on 
plants of these varieties to head early, whereas the tillers produced 
during and after the covering period were not affected by the short- 
day treatoent and headed at essentially the same tim.e as the control 
plants. Kondo et al. (10) also reported two periods of heading; the 
first was m.uch earlier and the second later than norm.al. 

The tabular data reported in this part of the paper on the time of 
heading, num.ber of panicles, length of panicles, plant height, and the 
weight of grain and straw for the sensitive varieties, except C. I. 81C, 
for these covering periods (June 1 and June 11 for 10 days), are 
based on information recorded for the tillers that headed early. No 
information on the plant characters^ studied was recorded ibr the 
tillers that headed late for these particular varieties and treatments. 
However, it was observed that the late tillers were about norm.al in 
height and produced panicles that appeared to be of essentially the 
same length as those of plants of the normal-day length. 

In group 2, the less sensitive varieties, the earliest covering periods 
for 10, 20, and 30 days showed in general a slight reduction in the 
number of days required from seeding to heading, followed by a grad- 
ual but more marked reduction as the date of covering was delayed. 
The variety C. I. 6993 did not behave in this manner but showed a 
maximum reduction in the time required to head for the earliest cov- 
ering periods. This very early variety was placed in the less sensitive 
group because its response to the short-day treatments was not very 
marked. The other exception to the usual reaction of the less sensi- 
tive varieties was Shoemed when covered 10 and 20 da3^s beginning 
July 1 and June 21 respectively. The reactions of the less sensitive 
varieties ranged from an increase of 2 days for Nira when covered 
10 days beginning June 1, to a reduction of 36.3 days for Rexoro 
when covered 30 days beginning June 11. 

The average effect of the short-day treatments on the number of 
days to heading, number of tillers and panicles, length of panicles, 
plant height, and the grain and straw weights per plant are shown in 
figure 2. 

NUMBER OF TILLERS 

The average nupaber of tillers and panicles for the various covering 
periods is shown in table 2. The 10-day covering period beginning 
June 1 resulted in a marked increase in the number of tillers "f or the 
sensitive varieties Caloro, Kameji, Improved Blue Rose, and C. I. 



STRAW grain plant PANICLE PANICLES TILLERS PANICLE 

weight weight height length (NUMBER) (NUMBER) EMERGENCE 

CGM) (GM.) (IN) (JN.) (OavS) 
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-Average effect of the short-day treatments on the number of daj^'S to heading, number of tillers and panicles, 
length of panicles, plant height, and grain and straw weights per plant. 
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4700, which headed during two periods, but not for C. I. 8lC. The 
other short-day treatments, for both the sensitive and the less sensi- 
tive varieties, resulted in only slight increases or decreases in the num- 
ber of tillers for the earliest covering periods, while for the later cover- 
ing periods they brought about a gradual reduction in number. The 
greatest reduction was observed in plants covered 30 days (fig. 2). 
There was more variation in the number of tillers for the sensitive 
than for the less sensitive varieties. 

Table 2. — Effect on number of tillers and panicles per plant in 10 rice varieties of a 
lO-hour photoperiod for 10, 20, and 30 days at different stages of growth 

TILLERS 


Group and variety 


Aver-| 

age 

plants] 

per 


Aver- 1 
age 
tillers] 
and 
pani- 
cles 


Average tillers and panicles per plant when covered daily 
for— 


10 days beginning— 



ment 

01 ] 
con- 
trol 

June 

1 

June 1 
11 

1 

June 

21 

July 

1 

June 

1 

June 

11 

June 

21 

June 

1 

June 

11 


Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Nim- 

Num- 

Sensitive varieties: 

her 

ber 

her 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

a 

00 

Q 

12.8 

4. 61 

4. 50 

3. 25 

3. 87 

2. 35 

3. 85 

3.62 

2.77 

3.68 

2. 83 

Caloro - 

12.4 

2. 85 

3. 60 

2.81 

2.92 

2.86 

3.57 

2. 14 

2. 27 ' 

2. 92 

1.50 

Kameji 

12.3 

2.78 

4.00 

2.75 

2. 26 

2. 67 

3. 18 

2. 29 

2.25 

2. 83 

2. 83 

Improved Blue Rose 

13.2 

3. 17 

4. 00 

2. 84 

2.64 

2.69 

3. 38 

3. 36 

2.59 

3. 33 

2. 00 

C. 1. 4700 

16.0 

4.50 

7.85 

6. 47 

5. 05 

5. 00 

4.14 

3. 76 

3.50 

4.11 

4.18 

Average.. 

13.3 

3.58 

4. 79 

3.62 

3.35 

3.11 

3.62 

3. 03 

2.68 

3. 35 

2. 67 

Less sensitive varieties: 












C. 1. 6993 

5.6 

2. 55 

2. 67 

2. 17 

2. 17 

2.60 

2.40 

2. 43 

2.20 

2. 20 

1.80 

Shoemed.. - 

14.9 

2. 97 

2.38 

2.00 

1.79 

2. 80 

2.92 

2. 67 

2. 44 

1. 93 

1. 90 

Niia - 

16. 0 

1. 97 

1.82 

1. 55 

1.94 

2. 06 

2.00 

1. 72 

1.62 

1.56 

1.74 

Fortuna - - 

15.9 

1.91 

1 1.59 

1.88 

1. 76 

2. 21 

1 1.82 

1.93 

2. 08 

1,65 

1.81 
2. 00 

Rexoro 

15.0 

1.90 

2.07 

1.75 

1.80 

1.67 

1.82 

2. 00 

1.53 

1. 92 

Average 

13.5 

2.26 

2.11 

1.87 

1.89 

2. 27 

2.19 

2. 15 

1.95 

1.85 

1. 85 


20 days begin- 
ning— 


30 days be- 
ginning— 


PANICLES 


Sensitive varieties: 

C. 1.810 

12.8 

4. 43 

3. 57 

2. 75 

3. 80 

2. 35 

3. 85 

3. 62 

2.69 

3. 17 

2.83 

Caloro 

12.4 

2. 73 

2.20 

2. 25 

2. 85 

2. 79 

3.14 

2. 00 

2. 27 

2, 83 

1.50 

Kameji 

12.3 

2.78 

1.62 

1.88 

2. 21 

2.60 

2. 91 

2.00 

2. 17 

2. 17 

2. 83 

Improved Blue Rose 

13.2 

3.11 

1.08 

2. 05 

2.41 

2. 63 

1.88 

3.00 

2. 29 

1. 67 

2. 00 

G, I. 4700. 

16.0 

4.50 

1.08 

3. 18 

3. 95 

4. 76 

3. 07 

3.47 

3. 17 

2.94 

4. 18 

Average ' 

13.3 

3. 51 

1.91 

2. 42 

3. 04 

3. 03 

2. 97 

2. 82 

2. 52 

2. 56 

2. 67 

Less sensitive varieties: 












C. 1. 6993...... 

5.6 

2.55 i 

2.67 

2.17 

2.17 

2.60 

2, 40 

2. 43 

2. 20 

1.80 

1.60 

Shoemed 

14. 9 

2. 84 ! 

2.38 

2.00 

1.74 

2.67 : 

2.17 1 

2.61 

2.13 

1.36 

1.90 

Nira.. 

16.0 

1.97 1 

1.65 

1.55 

1.88 

2.00 1 

2.00 

1.72 

1.52 

1.38 

1.74 

‘Fortuna- . ....... 

15. 9 

1.91 

1.47 

1.88 

1.59 

2. 14 

1. 76 

1.93 

2.08 

1.65 

1.63 

Rexoro 

15. 0 

1.90 

2.07 ! 

1.75 

1.67 

1.67 

1.71 

1.92 

1. 53 

1.75 

1. 92 

Average....... 

13.5 

2. 23 

2.05 

1.87 

1.81- 

2. 22 

2. 01 

2.12 

1.89 

1. 59 

1.76 


NUMBER OF PANICLES 

On the whole, short-day treatments reduced the average number 
of panicles per plant for both the sensitive and less sensitive varieties 
(table 2). Neither group of varieties showed consistent increases or 
decreases in the number of pamcles for the different covering periods, 
except for the sensitive varieties that headed during two periods as a 
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result of early covering (fig. 2). These varieties for the 10-day cover- 
ing period beginning June 1, and June 11 for C. I. 4700, if both early 
and late tillers produced panicles, would probably show an increased 
number as compared with the control plants. 

LENGTH OF PANICLE 

The average panicle length for the various covering periods is shown 
in tabled. The average panicle length of the sensitive varieties was 
greatly reduced when the plants were covered 10, 20, or 30 days 
starting June 1 ; later covering periods showed less reduction. The 
less sensitive varieties showed little variation in panicle length for 
the different covering periods. However, the panicles in the later 
covering periods were slightly shorter than those of the controls, while 
in the early covering periods they showed no reduction (fig. 2). 


Table 3. — Efect on panicle length and plant height in 10 rice varieties of 10-hour 
photoperiods for 10, 20, and SO days at different stages of growth 

PANICLE LENGTH 



Aver- 

Aver- 

age 

panicle 
length 
and 
plant 
i height 
of 

control 

Average length of panicle on tallest tillers and height of each plant 
when covered daily for— 

Group and variety 

age 

plants 

per 

treat- 

ment 

10 days beginning— 

20 days beginning— 

30 days 
beginning— 


June 

1 

June 

11 

June 

21 

July 

1 j 

June 

1 

June 

11 

June 

21 

June 

1 

June 

11 

Sensitive varieties: 

Num- 
her 1 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

C. 1. 81C 

12.8 

8.9 

8.1 

7.9 j 

8.0 

8.2 

7.2 i 

7.1 

7.7 

7.3 

7.3 

Caloro - 

12.4 , 

8.4 

7.5 

7.4 

7.9 

7.7 

6.9 

6.6 

7.0 

6.7 

6.4 

Kameji 

12.3 

7.9 

6.1 I 

6.3 

6.9 

7.0 

5.5 

5.9 

6.4 

5.6 

6. 3 

Improved Blue 
Rose- 

13.2 

9.1 

7.2 1 

7.7 

7.8 

8.4 

6.9 

7.4 

7.3 ! 

5.8 

7.6 

C. I. 4700. 

16.0 j 

10.3 

7.0 

8.6 

8.9 

9.8 

7.2 j 

7.3 

8.0 

7.1 

6.S 

Average 

i 13. 3 

8.9 

7.2 

7.6 

7.9 

8.2 

6.7 

6.9 

7. 3 

6.5 

6.9 

Less sensitive varie- 
ties: 

C. I. 6993 

5.6 

7.1 i 

6.4 

6.8 

6.7 

6.6 

; 6.3 

6.8 

6.4 

5.7 

6.6 

Shoemed 

14.9 

10.5 1 

10.0 

11.6 

10.4 

10.3 

12.0 

10.1 

9.7 

10. 4 

9.4 

Nira.. 

16.0 

11.6 1 

11.7 

12.0 

10.8 

10.9 

11.9 

11. 1 

10.5 

11.7 

10.9 

Fortuna- 

15.9 

10.5 i 

10.6 

10.5 

9.6 

10.4 

11.5 

10.7 

10.3 

11.2 

10. 3 

Rexoro - 

15.0 

10.8 

10.9 

11.0 

9.8 

10.5 

11.3 

10.7 

9.7 

10.8 

i 9.4 

Average. 

13.5 j 

10.1 ! 

9.9 

10.4 

9.5 

9.7 

10.6 

9.9 

9.3 

10. 0 

9.3 


PLANT HEIGHT 


Sensitive varieties: 

C. I. 81C 

Caloro. 

Kameji 

Improved Blue 

Rose--. 

C. 1. 4700- 

Average.-- ----- 

I>e,ss sensitive varie- 
ties: 

C. I. 6993 

Shoemed 

Nira.... 

Fortuna.... 

Rexoro. 


12.8 

12.4 

12.3 

42.9 
39.4 
42. 1 

34.1 

25.5 

20.5 

36.9 

30.6 

26.1 

39.5 

35.2 

34.4 

41.7 

38.9 

35.5 

32.9 

27.0 

22.4 

34.5 

28.9 

27.4 

38.5 

32.4 

32,3 

31.1 

27. 0 

23. 1 

33.5 

29.8 

31.3 

13. 2 
16.0 

46.1 

54.0 

23.8 

25.0 

29.3 

33.1 

34.2 

37.3 

37.6 

44.8 

28. v5 

31.3 

33.8 

35.5 

34.4 

39.1 

24.8 

29.7 

34. 0 
33.7 

13. 3 

44.9 

25.8 

31.2 

36.1 

39.7 

28,4 

32. 0 

35.3 

27.1 

32.5 

5.6 

14.9 
16.0 

15.9 
15.0 

33.5 

43.0 

50.9 

46.3 

46.8 

28.0 

41.2 

50.7 

46.5 

47.0 

32.8 

40.9 
50.0 
44.5 
44.8 

31.7 

41.6 

45.6 
42.0 
38.4 

33.2 
43.9 

46.3 

44.4 
36. 2 

28.2 

42.3 

51.8 
47.6 

47.9 

32.1 
43.3 

46.2 
45.1 
37.6 

31.8 
42.6 
45.0 
43.5 

36.8 

24. 8 
41. 4 
45. 6 

1 46.6 
|.' 42.'2 

, 31. 6 

' 42.0 

45.8 
42. 1 
37.6 

13.5 

44.1 

42.7 

42. 6 

39.9 i 

40.8 

43.6 

40.9 

39.9 

40.1 

■ 

39.8 


Average 
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PLANT HEIGHT 

Average plant height, based on the tallest tiller of each plant, 
showed a marked reduction for the sensitive varieties at the earliest 
covering periods (table 3). As the date of covering was delayed, there 
was a gradual increase in plant height, but the latest covering periods 
still showed an appreciable reduction in height as compared with 
plants of the normal-day or control plot. The less sensitive varieties 
showed only slight reductions in plant height at the earliest covering 
periods, followed by greater reductions as the date of covering was 
delayed (fig. 2). 

In both the sensitive and less sensitive groups, the 10-, 20-, and 
30-day covering periods showed essentially the same effect on plant 
height, except that the effects of the short-day treatments were 
slightly more intensified for the longer covering periods. 

GRAIN AND STRAW WEIGHTS 

The average grain and straw weights were deteimined for the 
sensitive varieties Caloro, Im.proved Blue Rose, and C. I. 4700, and 
for the less sensitive varieties Shoemed, Nira, Fortima, and Rexoro 
(table 4). As a group the sensitive varieties showed the greatest re- 


Table 4. — Effect on average grain and straw weights in 7 rice varieties of 10-hour 
photoperiods for 10, 20, and 30 days at different stages of growth 

GRAIN 


i 

Group and variety 

Aver- 

age 

plants 

per 

Aver- 

age 

Average grain and straw weight per plant when covered daily for-— 

grain 

and 

straw 

weight 

10 days beginning 

- 

20 day 

s beginning— 

30 days be- 
ginning— 


txeat- 

ment 

of 

con- 

trol 

June 

1 

June June 

11 21 

July 

1 

June 

1 

June June 
11 21 

June 

1 

June 

11 


Num- 









Sensitive varieties; 

her 

Grams 

Grams 

Grams Grams 

Grams 

Grams 

Grams Grams 

Grams 

Grams 

Caloro 

12.4 

5.7 

1.3 

2. 3 4. 7 

6.0 

2.7 

1. 6 3. 6 

1.3 

1.3 

Improved Blue 










Rose 

13.2 

7.5 

.4 

1.8 4.0 

4.4 

1.4 

1. 9 2. 8 

.5 

2. 2 

C. I. 4700. -• 

16.0 

12.0 

.4 

2. 1 4. 1 

7. 6 

1.7 

2. 6 5. 3 

2.3 

1.7 

Average 

13.9 

8.4 

.7 

2. 1 4. 3 

6.0 

1.9 

2.0 3.9 

1.4 

1.7 

Less sensitive vari- 










eties: 










Shoemed 

14.9 

7.3 

3.4 

4. 4 3. 2 

6.0 

5.3 

4. 9 3. 9 

2.9 

1.9 

Nira 

16.0 

7.5 

6.6 

7.1 5.6 

5.9 

7.9 

5. 6 3. 6 

5.9 

4.1 

Fortuna - 

15.9 

7.2 

5.8 

6. 5 5. 1 

6. 1 

8.4 

7. 5 6. 0 

7.2 

5. 1 

Rexoro 

15.0 

6.5 

8.3 

6, 8 4. 1 

4.9 

7.4 

5. 2 3. 1 

6.3 

. 4.2 

Average 

15. 5 7. 1 

6.0 

6. 2 4. 5 

5.7 

7.3 

5. 8 4. 2 

5.6 

3.8 


STRAW 


Sensitive varieties: 

Caloro - 

Improved Blue 

Rose. - 

G. L 4700.......... 

12.9 

17.2 

17.3 

8.0 

15.5 

26.4 

5.7 

8.9 

13.1 

5.3 

7.5 
12. 6 

5.7 

■ 7.4 1 

14.5 

8.7 

11.2 

24.4 

3.3 

5.8 

7.4 

3.1 

6.0 

7.8 

3.9 

6.4 

7.8 

2.1 

4. 1 
4.1 

2.0 

3.7 

4.9 

Average.- 

15.8 

16.6 

9.2 

8.5 

9.2 

14.8 

6.5 

5.6 

6.0 

3.4 

■3.5 

Less sensitive vari- 












eties: i 

Shoemed---.. - 

15.4 

11.8 

7.1 

6.3 

5.5 

11.0 

8.8 

7.2 

6. 4 

5.9 

5.9 

Nira.-.-.--.-.- 

16.0 

11.2 

10.4 

10.6 

9.4 

10.6 

13.6 

10.6 

7. 5 

10.1 

8.4 

Fortuna--,- 

15.9 

8.8 

7.4 

9.3 

6.8 

8.5 

9.9 

10.7 

7.9 

9.2 

7.9 

Rexoro. 

15.0 

15.6 

18.3 

14.8 

8.3 

7. 9 

17.2 

8.8 

6.1 

14.4 

6 6 

Average 

15.6 

11.9 

10.8 

10.3 

7.5 

9.5 

12.4 

9.3 

7.0' 

9.9 

i 7.2 
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diiction in grain and straw weights at the earliest covering periods, 
except from the 10-day treatment beginning June 1 for straw weights. 
As in the case of the other characters studied, the effect was less the 
later the covering periods were begun. The less sensitive varieties 
showed only slight reductions in grain and straw weights, as compared 
with the sensitive varieties, at the earliest covering periods. There 
was a gradual intensification of the effect as the date of covering was 
delayed (fig. 2), 

SPLIT-DAY TREATMENTS 

As shown in table 5, plants subjected to morning and afternoon 
covering usually headed later than controls. The early-maturing 
varieties C. I. 6993 and C. I. 81C showed the greatest effect from the 
split-day treatments and, when covered daily from 8 a. m.. to 1 p. m.. 
or from 1 to 6 p. m.. for 30 days beginning June 1, headed 19.2 and 12.1 
days and 18.5 and 12.0 days later, respectively, than plants of the 
normal-day treatment. The delay in time of heading was not so 
marked for the midseason and late varieties Kam.eji, Nira, Foidiina, 
and Im.proved Blue Kose, ranging from 1,3 days earlier to 4.5 days 
later than the control plants. Eexoro and C. I. 4700, very late- 
maturing varieties, were only slightly affected by these treatments, 
ranging from 0.9 days earlier to 1.9 days later in heading than the 
control plants. The greatest delays in time of heading were for the 
30-day covering period. 

A rather consistent difference in varietal reaction to morning and 
afternoon interception of light was evident for the 10-, 20-, and 30-day 
covering periods ended on July 10. The less sensitive varieties 
Shoemed, Nira, and Fortuna, when covered from 8 a. m. to 1 p. m. 
for these periods, headed 1.7 to 11.0 days later than adjacent plants 
covered from 1 to 6 p. m. Rexoro behaved in the same manner, ex- 
cept that the differences were smaller. The sensitive varieties Caloro, 
Kameji, and Improved Blue Rose, of similar maturity as Shoemed, 
Nira, and Fortuna, when covered from 8 a. m. to 1 p. m. for 10, 20, 
and 30 days, ending July 10, headed 0.9 to 2.4 days earlier than ad- 
jacent plants covered from 1 to 6 p. m.; but no consistent differences 
in time of heading between morning and afternoon treatments ap- 
peared for 0. I. 8lC, C. I. 6993, and C. I. 4700. 

The split-day plots, when covered on June 30 or later — including 12 
treatments of each day length with a total for each variety of 11 to 38 
control plants, 27 to 112 plants covered in the morning, and 28 to 110 
plants covered in the afternoon-~were compared to determine whether 
the differences between morning and afternoon light interception were 
significant statistically. The averages for the factors studied, based 
on the 12 treatments of each day length, are shown in table 6. While 
the differences recorded were small, they appear to be significant for 
some varieties. The sensitive varieties Caloro, Kameji, and Improved 
Bine Rose headed slightly earlier when covered in the morning than 
when covered in the afternoon, and the differences appear to be highly 
significant for each variety. All 5 of the less sensitive varieties and 
sensitive varieties C. L 8lC and C. I. 4700 headed slightly later when 
covered in the morning than when covered in the afternoon. The 
differences for Shoemed, Nira, Fortuna, and Rexoro were highly 
significant and that for C. I. 8lC was significant. 


Gomvarciiive effect on time of 'panicle emergence in 10 rice varteMes of split-day treatments from 
^ 6 p. m. for 10, 20, and 30 days at different stages of grovcth 
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The split-day treatments usually resulted in a slight reduction in 
number of tillers and panicles, length of panicles, plant height, and 
grain and straw weights. The later in the growth period the plants 
were covered , the greater were the reductions in the characters studied. 
The effect of the split-day treatments on these characters was not so 
consistent as it was on the time of heading. 

All varieties showed a greater reduction in the number of tillers 
and panicles from afternoon than from morning light interception, 
except C. I. 4700 and Nira. The differences in number of tillers and 


Table 6.^ — Average efect on the characters studied of split-day treatments from 
8 a. m, to 1 p. m. and from 1 to 6 p, ni. as compared with normal-day plots 

AVEKAGE NUMBER OF DAYS FROM SEEDING TO PANICLE EMERGENCE 


Duration of 
treatment 

Sensitive varieties 

Less sensitive varieties 

C.L81C 

Caloro 

Kameji 

Improved Blue 
Rose 

C. 1.4700 

Average 

0. I. 6993 

Shoemed 

Nira 

C3 

PJ 

S 

o 

Rexoro 

Average 

Normal day 

107. 1 

114.2 

121.2 

131.0 

146.0 

123.9 

85.5 

115.7 

124.6 

124. 8 

145.8 

119. 3 

8 a. m.-l p. m_- 

1 114. 2* 

119. 4** 

122. 9** 

131. 8** 

146. 4 

126.9 

91.9 

122. 4** 

127. 2** 

126. 4** 

146. 7** 

122.9 

1-6 p. m j 

112.7 

120.3 

124.1 

132.4 

146.2 

127. 1 

91.0 

116.4 

124.7 

124. 9 

145. 6 

120. 5 


AVERAGE NUMBER OF TILLERS PER PLANT 


Normal day 

4. 61 

2.85 

2. 78 

3.17 1 

4.50 

3.58 1 

2.55 

■ 2. 97 

1.97 

1. 91 1. 90 

2. 

8 a. m.-l p. m.__ 

3. 84 

2.83* 

2.51 

2.77 

4. 48 

3.29 

2.60 

2.46 

1.85 

1.82 1.92 

2. IS 

1-6 p.m. 

3. 81 

2.40 j 

2. 18 

2.63 

4.53 

3.11 i 

2.44 

2.23 

1.87 

1.70 1.74 

2.0C 


AVERAGE NUMBER OF PANICLES PER PLANT 


Normal day 

4.43 

2.73 

2.78 

3.11 

4.50 

3. 51 

2.55 

1 

2.84 ’ 

1.97 

; 1.91 

1. 90 

2.23 

8 a. m.-l p. m, .. 

3. 76 

2. 81*1 

2.51 

2. 77*, 

4.48 

3. 27 

2.50 

2.43 1 

1. 83 

' 1.82 I 

1.91 

2. 10 

1-6 p. m 

3. 71 

2.38 

2.18 

2. 61 

4.53 

3. 08 

2.28 

2.20 

1.86 

1.70 

1. 74 

1. 96 


AVERAGE PANICLE LENGTH (INCHES) 


Normal day 

8.9 

8.4 

7.9 

9.1 

10.2 

8.9 

7.1 

10.5 

11.6 1 

10.5 

10.8 

10.1 

8 a. m.~l p.m... 

8.4 

8.2 

7. 7**1 

8.7 

10.1 

8 g** 

6.8 1 

10,7 

11.3 

10.4 

10.5 

9.9 

1-6 p.m.. - 

8.7 

8.3 

8.1 

8.9 

10.3 

8.9 

6.8 

10.6 

11.2 

10.3 

10.5 

9,9 


AVERAGE PLANT HEIGHT (INCHES) 


Normal day 

1 

42.9 1 

39.4 

42.1 

46.1 

54.0 

1 

44.9 i 

33.5 

1 

43.0 1 

50, 9 

46.3 

46.8 

44.1 

8 a. m.-l p. m_ .. 

42.2' 

39.3 

39. 2** 

43. 7* 

53.2 ! 

43.5 ' 

31.1 1 

44.8* 

50.5 

46, 6 

45.9 

43.8 

1-6 p. m. 

42.2 

i 

39.7 

j 

41.4 

44.8 

53.5 

44.3 

32.4 

42.5 

50. 0 

46.2 

46.0 

43.4 


AVERAGE GRAIN WEIGHT PER PLANT (GRAMS) 


Normal day 

8 a, m.-l p.m.,. 


, 5.7 

5. 52 

1 

7.5 i 
5.88 

12.0 

11.23*1 

8.4 

7.5 

1 

7.3 
6.36 ! 

7.5 1 
5.98 

7.2 

5. 72 

6.5 

5.53 

7.1 

5.9 

1-6 p.m 


5. 05 


5.50 

1 

12.29 

7.6 


5.08 

6.86 

5. 78 

5. 91 

5.9 


AVERAGE STRAW WEIGHT PER PLANT (GRAMS) 


Normal day 

8 a. m.-l p. m... 
1-0 p. m., 



15.5 

26.4 

16.6 


11.8 

11. 2 

8. 8 

15.6 1 

11.9 


12. 30 

27.13 

16.1 


10.10* 

9.74 

7.73 

14.69 

10.6 


12. 99 

28.58 

16.5 


8.61 

10.59 

7. 34 

13.53 

10.0 


1 *=Significant differences between treatments from 8 a. m. to 1 p. m. and those from 1 to 6 p. m.; ’^*=highly 
significant differences between treatments from 8 a. m. to 1 p. m. and those from 1 to 6 p. m. 
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panicles for Caloro and in number of panicles for Improved Blue Rose 
appear to be significant. Wlien tfie eight varieties that showed the 
greatest reductions from afternoon covering were analyzed as a group, 
the differeac morning and afternoon covering, both in 

nuniber of tillers and in number of panicles, seemed highly significant. 

The average length of panicle of the five sensitive varieties was 
shorter when the plants were covered in the morning than when they 
were covered in the afternoon, and this difference appears to be highly 
significant for Kameji and for the average of the five varieties. In the 
less sensitive varieties the differences in length of panicle were not 
significant, although the panicles of Shoemed, Nira, and Fortuna were 
some'what longer from morning than from afternoon light interception. 

In plant height, four of the sensitive varieties were shorter from • 
morning than from afternoon covering, and the differences for Kameji 
and Improved Blue Rose apparently were highly significant. The 
average difference in plant height between morning and afternoon 
covering for Caloro, Kameji, Improved Blue Rose, and C. I. 4700 as a 
group appears to be highly significant. The less sensitive vairieties 
Shoemed, Nira, and Fortuna were taller when covered in the morning 
than in the afternoon, and as a group the average difference was 
apparently significant. 

Weights of grain and straw per plant were obtained for seven varie- 
ties. For C. L 4700 there was what appears to be a significant decrease 
in grain weight per plant from morning as compared with afternoon 
covering. The increase in straw weight for Shoemed from morning as 
compared with afternoon covering apparently was significant. None 
of the other varieties showed differences in grain or straw weight, 
between morning and afternoon covering, that appeared to be 
significant. 

DISCUSSION 

In general, the results show that varieties subjected to a daily 10- 
hour photoperiod usually headed before the controls and that varieties 
under the split-day treatments headed at about the same time as or 
later than the controls. Kondo and his associates {9, 10), and others 
have reported similar results with rice in Japan, and Gamer and 
Allard {4-, 5, 6) with other crops in this country. 

The two periods of heading for the sensitive varieties Caloro, Kameji, 
Improved Blue Rose, and C. I. 4700 were apparently due to the fact 
that very little tillering had occurred by the time the early covering 
treatnients were concluded. Kondo et al. (9) showed that individual 
tillers of the same plant react independently of one another when 
subjected to different day lengths. In this study most of the tillers 
developed after the covering periods ended, so that it is reasonable to 
assume that the treatments had no effect on the time of heading of 
such tillers. 

The data presented on time of panicle emergence indicate that 
flower-bud differentiation in the sensitive varieties was initiated by 
a treatment consisting of a daily 10-hour photoperiod for 10 days 
beginning as early as 30 days after seedling emergence. On the less 
sensitive varities, however, except C. I. 6993, this treatment had little 
if any effect on bud differentiation. This indicates that the less 
sensitive varieties must reach a certain stage of development before 
the short-day treatments have any effect on time of flower-bud 
differentiation. 
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The reaction to the short-day treatment of the varieties grown 
appears to be associated with the latitude to which they are native. 
The sensitive varieties were native to or were developed, from varie- 
ties native to a latitude above 30^ north; the less sensitive varieties 
were native to a latitude nearer the Equator. The sensitive varieties 
showed the maximum effect of the short-day treatments on the 
characters studied for the earliest covering date, with a less marked 
effect for successively later dates of covering. 

The sensitive varieties Caloro and Kameji are of Japanese origin, 
and Improved Blue Rose probably was selected from a hybrid in 
which one of the parents was a Japanese variety. C. I. 8lC and C. I. 
4700 are medium-grain varieties that tiller profusely. These varieties 
were introduced from the Philippine Islands, but from their reaction 
to the short-day treatments and other characteristics, they might have 
been introduced into the Philippines from Chma. The less sensitive 
varieties Shoemed, Nira, and Rexoro were also selected from varieties 
introduced from the Philippine Islands. Fortmia was selected from 
an introduction from Formosa, and C. I. 6993 is of Japanese origin. 
As a group, these varieties showed very little effect of the short-day 
treatments for the earliest covering periods but a more marked effect 
as the date of covering was delayed. 

SUMMARY 

Ten varieties of rice, growing under field conditions, were subjected 
to short-day treatments for 10, 20, and 30 days at different stages of 
development. The following treatments, in addition to the normal 
day length, were used: (1) A continuous 10-hour daylight period; 
(2) approximately 10 hours of daylight with a 5-hour covering period 
in the morning; and (3) approximately 10 hours of daylight with a 
5-hour covering period in the afternoon. 

The varieties, based on their reactions to the covering periods, 
were divided into ^^sensitive’^ and “less sensitive” groups. The sensi- 
tive varieties, when subjected to a daily 10-hour photoperiod at the 
earliest covering dates, showed a marked decrease in (1) the number 
of days required from seeding to first heading, (2) number of tillers 
and panicles, (3) length of panicle, (4) height of plant, and (5) grain 
and straw weights. As the date of covering was delayed, the effects 
became gradually less marked. The less sensitive varieties showed 
little or no effect on these characters for the earliest covering periods, 
followed by a gradual intensification of the effect for later covering 
dates. 

Although differences were small, plants subjected to morning and 
afternoon covering usually headed later than the controls. The sensi- 
tive varieties tended to head later from afternoon than from morning 
covering, while the less sensitive varieties tended to head later from 
morning covering. The data on length of panicle and plant height 
were less consistent than for date of heading, but in most cases the 
sensitive varieties produced the longest panicles and the tallest plants 
when covered in the afternoon, while the less sensitive varieties pro- 
duced the longest panicles and the tallest plants when covered in the 
morning. Both the sensitive and the less sensitive varieties showed a 
reduction in number of tillers and panicles from afternoon as compared 
with morning covering. No consistent differences between morning 
and afternoon covering were recorded for grain and straw weights.’ 
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THE COMPt)SITION AND PALATABILITY OF SOME 
! COMMON GRASSES > 

By J. G. Archibald, research professor of animal husbandry,^. Bennett, assistant 

research professor ff chemistry, and W. S. Ritchie, Aead of Department of Chem- 
istry, Massachusetts Agricultural Experiment Station 

INTRODUCTION 

In 1928 a project was organized by the Chemistry Department of 
the Massachusetts Agricultural Experiment Station entitled, Studies 
in the Chemistry of Pasture Grasses/^ One phase of this project 
involved a study of the chemical composition of different species of 
grasses at the grazing stage. This particular study was undertaken 
because a search of the literature had disclosed a scarcity of informa- 
tion on the chemical composition at the grazing stage of individual 
species of the grasses commonly grown in the northeastern part of the 
United States. The study was continued over a period of 7 years 
(1931-37 inclusive). One progress report (1)^ giving results for the 
years 1931, 1932, and 1933 has already been published. This paper 
is the final report and sets forth the results for the entire 7-year 
period, the earlier published results for 1931, 1932, and 1933 having 
been combined with those for 1934 to 1937. 

Although the chemical composition of grasses has been widely 
studied, one or more of three circumstances has rendered the findings 
inapplicable to the present work: (1) The species used differed from 
those included in this study; (2) the analyses were made when the 
grasses were too matoe to be considered as typical of good grazing, 
generally at or near the blossom stage; or (3) the studies were made 
on mixed herbage. A report of a few analyses of Poa pratensis by 
Pamm el, Weems, and Lamson-Scribner (7), and more recently the 
work of Grunder («5) on Trifolium repens, are all that seem to have a 
direct bearing on this study. 

EXPERIMENTAL METHODS 

Six species of grasses have been grown as pure or practically pure 
stands, and their chemical composition has been determined by 
monthly sampling and analysis throughout the growing season (May- 
September) of each of the years indicated. In addition, one other 
species of grass and two species of legumes have been similarly studied 
during several seasons of the period indicated. Vitamin A assays 
of the fresh grasses have been made in several seasons, and the palata- 
bility of the grasses to cows has been studied by means of actual graz- 
ing tests. 

Two separate tracts of land were chosen for the investigation. 
Tract No. 1 was utilized from 1931 to 1936 inclusive for studies of 
composition, and’ in 1937 and 1938 for palatability tests. From 1931 

1 Received for publication Tune 5, 1942. Contribution No. 455 of the Massachusetts Agricultural Experi- 
ment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 347. 
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to 1934 inclusive the grasses were grown without fertilizer other than 
that residual in the soil. In 1934, 1935, and 1936 a complete 8-6-6 
fertilizer was applied at the rate of 400 pounds per acre at the begin- 
ning of the growing season. 

Tract No. 2 was seeded in 1933, but samples were not taken until 
1935 because flooding and winter-killing had necessitated complete 
reseeding. The analytical studies were continued through 1935, 
1936, and 1937, and in 1938 palatability tests were conducted. 
Fertilizer w^as not applied to this set of plots at any time during the 
investigation. Analyses of the soils of both tracts are given in table 
1; the principal differences are the somewhat larger amount of fine 
material and the very much larger amounts of organic matter and 
nitrogen in the soil of tract 2. 


Table 1. — Analysis of the air-dry soils 1 


Tract and soil profile 

Fine soil 
(1 mm 
or less) 

Organic 

and 

volatile 

matter 

Total 

nitrogen 

Total 

phos- 

phorus 

Total 

potas- 

sium 

Total 

calcium 

Avail- 

able 

phos- 

phorus 

pH 

Tract 1: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Parts per 
million 


Surface soil 

92. 17 

5.05 

0. 14 

0. 18 

2.01 

1.43 

154 

6. 05 

Subsoil-.. 

99.33 

2. 63 

.04 

.03 

1.85 

1.44 

7 

5. 50 

Tract 2: 

Surface soil--.- — 

98. 50 

12.87 

.41 

.12 

1. 86 

1. 17 

73 

5.52 

Subsoil 

90. 90 

2.89 

.06 

.03 

2. 35 

1.44 

11 

5.65 


1 All determinations except available phosphorus were made by the methods of the Association of Oificial 
Agricultural Chemists {2). Available phosphorus was determined by Truog's method (8). 


The grasses and legumes chosen for the investigation were: 
Kentucky bluegrass {Poa pratensis), also called Junegrass; orchard 
grass {Dactylis glomerata) ; redtop {Agrostis alba) ; Rhode Island bent 
{Agrostis capillaris), also called colonial bent; timothy {Phleum 
pratense)) also called herd’s grass; sheep fescue {Festuca ovind)\ 
sweet vernal grass {Anthoxanthum odoratum) ; white Dutch clover 
{Trifolium repens) ; and Ladino clover {Trifolimn repens). 

Each series of plots was replicated once, making a total of 16 plots 
in the first series and 18 in the second. Each plot was 3K foet wide 
by 62 feet long, and had an area of approximately one two-hundredth 
of an acre. To prevent mixing of the species and to facilitate control 
of weeds, paths 1 foot wide were maintained between individual plots 
and a border of fallow soil 3 feet wide was left along the m.argins of 
each tract. Seed was sown in the late summer (except for a few cases 
of reseeding) without a nurse crop and the plots were kept free from 
weeds by hand labor. A reasonable degree of success was attained 
in keeping pure the stands of the individual species. 

Samples were taken by means of a lawn mower with a grass catcher 
attached vkenever the grass reached a height of 3 to 4 inches, so that 
intervals between samplings varied with species and season of the 
year. Whenever possible at least one sample a m.onth was taken from 
each species; wherever rate of growth necessitated taking more than 
one sam.ple in a mnnth from any species, yield and moisture content 
were determined on the additional samples, and each sample was 
composited with the sam.ple already taken from the same plot. 
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Analyses were made for moisture in the fresh grass^ and for total 
nitrogen, crude fiber, ether extract, total ash, acid-soluble ash, calcium 
phosphorus, and m.agnesium in the dry matter. Potassium was 
determined in the sam.ples for 1931, 1932, and 1933, but because of 
its minor significance in the nutrition of grazing animals, it was not 
determined from that time onward. 

All analyses except those for calcium., phosphorus, and magnesium 
were made according to the official m.ethods of the Association of 
Official Agricultural Chemists {2}.^ Calcium and magnesium were 
determined by a modification of McCrudden’s method (d), and 
phosphorus by the m.ethod of Fiske and Subbarow (4) • Vitamin A 
was determined by biological assay with white rats, on a much smaller 
number of samples (51) taken for the most part independently of the 
main investigation. 

During May and June of 1937 and 1938 a series of tests of the palat- 
ability of seven of the species was conducted with mature Jersey and 
Guernsey cows in milk at the time. The entire tract of each series 
of plots was fenced off, the plots were conspicuously numbered, and 
a tub of water was placed at a convenient point within the enclosure. 
Two cows were used at a time. They were turned into the enclosure 
soon after 8 a. m. and taken out again shortly before noon. There 
was sufficient grass so that each trial extended over 2 such half days. 

A complete record of the length of time spent by each cow in grazing 
each species was obtained by an attendant who noted the exact time 
that a cow started and stopped grazing on any particular plot. Lulls 
in grazing, after which the cow resumed grazing on the same plot, 
were recorded as carefully as shifts from plot to plot. 

PRESENTATION OF RESULTS 

CHEMICAL ANALYSES 

A total of 300 samples of the several species was taken, but this 
numher was reduced for analysis to 263 by the compositing of certain 
samples. 

The results on the first six species listed in table 2- form the principal 
basis for discussion. Such information as was obtained on the last 
three species has been appended as a supplement to the more com.plete 
report on the first six. There are two reasons for this procedure: 
(1) The much larger numher of samples from individual species in 
the first group, and (2) each and every year and a m,ajority of months 
are represented in the data from the first group, whereas for unforeseen 
or unavoidable reasons this was not true for any of the three species 
in the second group. 

In this study there were representatives of two great classes of 
herbage, the so-called top and bottom grasses, or m.ore specifically 
those grasses ir.ore suitable for hay as contrasted with those more 
suitable for grazing. Som.e interesting differences are apparent in 
the composition of the species in these two classes. The top grasses 
were decidedly m,ore succulent than the bottom grasses; they aver- 
aged about 2.5 percent less fiber and contained larger am.ounts of 

3 Grateful acknowledgment is made of the services of J. W. Kuzmeski and A. F, Spelman, who made the 
determinations of crude fiber and ether extract under the direction of Philip H. Smith, chief chemist of the 
feed control laboiatory of this station. 
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ether extract, soluble ash, calcium, magnesium, and vitamin A (caro- 
tene). These differences probably are due in considerable measure to 
differences in stage of maturity and relative leaf area of the two 
classes of grass at a given height; they have a bearing on grazing prac- 
tice that should not be lost sight of. 


Table 2. — Composition of 7 species of grass and 2’ legumes, seasons of 19S1-37 




0) 

5 
s « 



Composition of dry matter 


c3 cot;* o 

Species 

Samples 


1 

w: 

o 

-is 

g 

Crude fi- 
ber 

Ether ex- 
tract 

Total ash 

Acid-soi- 
u b 1 e 
ash 

Calcium 

i § 

li 

ca S 

a-£|l 

— t © anc! 

> 

Top grasses: 

No. 

PcL 

Pet. \ 

PcL 

PcL 

Pet. 

PcL 

Pet. 

PcL 

Pet. 

Interna- 

tional 

units 

Orchard grass 

34 

76.2 

2.9 

23.0 

4.5 

12.7 

8.4 

0. 63 

0. 58 

0. 32 

152, 000 

Redtop_- 

36 

74.0 

3.0 

21.9 

4.2 

10.6 

6.8 

.68 

.39 

,27 

133, 000 

Timothy 

36 

74.2 

2.9 

20.6 

3.9 

9.5 

6.3 

.59 

.40 

.25 

162, 000 

Bottom grasses: 

Kentucky bluegrass 

39 

69.6 

3.0 

23. 6 

3.4 

9.0 

5.8 

.51 

.42 

,23 

101, 000 

Rhode Island bent 

37 

70.6 

3.1 

21.7 

3.7 

10.3 

6.2 

.64 

.40 

.23 

132, 000 

Sheep fescue 

39 

67.1 

2.7 

26.8 

3.3 

8.4 

5.0 

.43 

.36 

.16 

85, 000 

Sweet vernal grass 

14 

77.9 

3.2 

17.6 

4.7 

10.0 

6.8 

.64 

.38 

.27 

118,000 

White Dutch clover 

20 

82.6 

4.6 

14.4 

3.1 

12.3 

9.9 

1.61 

.45 

.29 

(2) 

Ladino clover 

8 

83.7 

4.3 

13.7 

2.6 

13.5 

8.8 

1.90 

.37 

.42 

(2) 


1 Reported as nitrogen rather than as protein because not all the nitrogen is in the form of protein; the 
amount of nonprotein nitrogen is small — 10 percent or less. 

2 Not determined. 


Nitrogen differences between species were small for the most part, 
and the same was true of phosphorus. The high value for phosphorus 
in orchard grass noted in the earlier report (7), while still persisting 
in the samples grown on soil of tract 1, was not noted in the samples 
from ^oil of tract 2. This m.ay be due to the fact that there was about 
twice as much available phosphorus in the soil of tract 1 as in that of 
tract 2 (see table 1). It has been suggested that possibly the ability 
to utilize additional phosphorus may be a characteristic peculiar to 
to this species of grass. 

There seems to be a rather definite relation between the amnunt of 
fiber in the several species and their breaking strength. Beaumont, 
Stitt, and Snell (S), of this station, have reported breaking strength 
for four of the six species represented here. Their values, arranged in 
order of increasing strength, are compared with those for fiber content 
in table 3. Except that the tim.othy had a little less fiber than the 

Table 3. — Breahing strength compared with fiber content of four of the species of 
grasses included in the test 


Species 

Breaking 
strength i 

Fiber 

content 

Redtop 

Grams 

62.9 

58.6 

92.6 

147. 9 

Percent 

21.9 

20.6 

23.6 

26.8 

Timothy - ... 

Kentucky bluegrass . 

Sheep fescue. 



1 Grams per millimeter of perimeter; average of 60 determinations. 
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redtop, the two sets of values are in the same order; i, e., the higher 
the content of fiber the higher the breaking strength, which is what 
would naturally be expected. 

The proportion of soluble ash to total ash was rather constant 
(table 2) the variation being only from 66.2 percent in orchard grass 
to 59.4 percent in sheep fescue; although there were soro.e exceptions, 
in general the higher the percentage of soluble ash the greater the 
proportion of the total ash it constituted. As in the earlier trials (i), 
the two members of the bent family (redtop and Rhode Island bent) 
had the highest calcium values of the group, but contrary to earlier 
results, the value for redtop was higher than that for Rhode Island 
bent. 

In general, the constitu tents that varied significantly from one 
species to another were: Moisture, in the fresh grass; and, in the diy 
matter, crude fiber, ether extract, soluble ash, calcium, and m.agnesimn. 
With minor exceptions phosphorus and nitrogen did not vary signi- 
ficantly. 

In addition to the six species just discussed, three other species^ — one- 
grass and two legum.es — were studied, but in less detail, as already 
noted. The data are too incom.plete to warrant statistical analysis, 
but they are given at the bottom of table 2 for such information as 
they may furnish. 

In the limited number of sam.ples available sweet vernal grass 
averaged higher in m.oisture, nitrogen, and ether extract, and lower 
in crude fiber than any of the other six species of grass. It was also 
quite high in soluble ash and magnesium, and was in a class with 
redtop and Rhode Island bent in its content of calcium. 

White Dutch clover was decidedly m.ore succulent than any of the 
grasses, its nitrogen (protein) content, like that of all legumes, was 
high (equivalent to 27 percent of protein in the dry substance) ; its 
fiber content was about 7 percent less than that of timothy, the best 
grass in this respect; its soluble-ash content of alm.ost 10 percent was 
approached only by that of orchard grass; its calcium content was 
nearly 2 K times as m.uch as that of redtop, the grass with the highest 
calcium value; its phosphorus content was exceeded only by that of 
orchard grass, and the sam,e was true for m.agnesium. Only in ether 
extract was it lower than the grasses, containing less than sheep fescue, 
the lowest grass in this respect. 

The sm.all number of samples of Ladino clover (a giant variety of 
Trifolium repens) show its com.position to be very similar in m.ost 
respects to that of the dwarf white Dutch variety. 

STATISTICAL ANALYSES 

In the course of the statistical studies some interesting correlations 
were observed; those of special significance were between: 

Moisture and nitrogen r = 0. 59 ±0. 03 

Ether extract and soluble ash r= . 55 -fc . 03 

Soluble ash and phosphorus . 74± -20 

Calcium and magnesium„___., . 70± .02 

There was one significantly negative correlation, that between nitro- 
gen and crude fiber, r=0.62± 0.03. 
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PALATABILITY TRIALS 

Palatability trials with five cows extended over 105 hours of poten- 
tial grazing time and 54 hours of actual grazing time. A sum.mary 
of the results of these trials, classified according to individual prefer- 
ence for the several species of grass, as well as the average preference 
for the entire series of trials, is presented in table 4. The cows showed 
a decided preference for timothy. In order of preference orchard 
grass, redtop, Rhode Island bent, and sweet vernal grass ranked so 
close together (16 to 17.5 percent) that probably the small differences 
between them were not significant. Bluegrass, however, was grazed 
less than 10 percent of the tim.e, and sheep fescue was practically 
untouched. 

Separation of the results into groups for first and second day, for 
first, second, and third trials, and for the two series of plots shows 
that the trends of preference noted for the results as a whole persisted 
remarkably all through these sm.aller groups. 

Som.e variation in individual preference was noted, but the general 
trend was unmistakable, especially as to the best-liked and least- 
liked species. In palatability tim.othy was at or near the top; redtop 
was near the top; bluegrass was near the bottom, — not higher than 
fifth place in any case — and fescue was consistently in last place. 


Table i.—Siim'inanj of results of the grazing trials classified according to individual 
preference for the several species 



Wi 

Kentucky 

bluegrass 

Orchard 

gi*a.ss 

Redtop 

Rhrde 
Island bent 

Sheep 

fescue 

Sweet ver- 
nal grass 

Timothy 

Cow No. 

Total gra 
time 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 

Grazing 

time 

Proportion 
of total 


Min. 

Min. Pet. 

Min. 

Pet. 

Min. 

Pet. 

Min. 

Pet. 

Min. 

Pet. 

Min. Pet. 

Min. 

Pet. 

760 

787 

90 11.4 

142 

18.0 

151 

19. 2 

147 

,18.7 

3 

0.4 

80 10.2 
83 18.8 

174 

22.1 

806.. 

442 

38 8.6 

78 

17.7 

98 

22.2 

65 

14.7 

1 

.2 

79 

17. 9 

607 - 

198 

15 7.6 

46 

23.2 

25 

12.6 

21 

10. 6 

0 


49 24.8 

42 

21.2 

665-., 

863 

28 3.2 

105 

12.2 

112 

13.0 

131 

15.2 

15 

1.7 

217 25.1 

255 

29.6 

687_.. 

950 

145 15. 3 

196 

20.6 

166 

17.5 

159 

16.7 

7 


89 9. 4 

188 

19.8 

Total 

Weighted aver- 

3, 240 

316 

567 


552 


523 


26 


518 

738 


age 


9.8 


17.5 


17.0 


16. 1 


.8 

16.0 


22.8 


On the basis of the preference shown by the cows as a group the 
rating of the grasses is without exception in the order of their vitamin A 
(carotene) content, and with one exception in the order of their succu- 
lence (moisture content). In general also the cows preferred those 
with a relatively high content of ether extract, soluble ash, and mag- 
nesium, and with a low content of fiber. Nitrogen (protein) content 
of the grasses apparently had little if any relation to their palatability. 

The observation of some investigators that redtop lacks palata- 
bility does not agree with the rating it received in these tests. The 
discrepancy probably is due to the fact that in these trials it never 
reached the stage where it developed woody stolons. 
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SUMMARY 

This is the final report of a 7-year investigation into the chemical 
composition and palatability to cows of certain grasses and legumes 
grown as practically pure stands. The species studied were: Ken- 
tucky bluegrass, orchard grass, redtop, Rhode Island bent, sheep 
fescue, timothy, sweet vernal grass, white Dutch clover, and Ladino 
clover. ... 

In the m-aiii investigation 300 samples, reduced by compositing to 
263, were analyzed. In addition, 51 biological assays were made for 
vitamin A, and palatability tests with 5 cows extended over 105 
hours of potential grazing time and 54 hours of actual grazing time. 

Considerable species differences were noted in the several constitu- 
ents except nitrogen and phosphorus^; these differences for the most 
part were more obvious between the two groups of grasses (top and 
bottom) than between the individuals within a group. Relatively 
the greatest group difterences were in vitamin A (carotene), magne- 
sium, soluble ash, and ether extract, a reflection probably of greater 
leaf area in the top grasses. The composition of the two legumes 
was in rather sharp contrast to that of the grasses. Highly significant 
correlations were noted between certain of the constituents. 

Cows used in palatability tests showed a definite preference for 
species high in moisture and carotene and low in fiber. The nitrogen 
(protein) content of the grasses apparently had little if any relation 
to their palatability. 
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THE PROTEINS OF VARIOUS TREE SEEDS ‘ 

By A. P. Lund, graduate student, and W. M. Sandstrom, agricultural hiochemisty 
Minnesota Agricultural Experiment Station 

INTRODUCTION 

The fact that acorns, iroiiwood seed and elm seed are used as 
food by wild animals, and to some extent by domestic animals, has 
prompted this investigation to determine their protein content. 
Several feeding experiments have been conducted with acorns, but, 
so far as the writers are aware, no study has been made of the nitro- 
genous constituents, particularly the protein fractions, of any of these 
typical tree seeds. 

This paper describes a peptization study of the proteins of ironwood 
seed, elm seed, and several varieties of acorns, the isolation of their 
major protein fractions, and a study of these proteins according to 
the method of Van Slyke {10)? 

MATERIALS AND METHODS OF EXPERIMENTATION 

The varieties of tree seeds studied are listed according to the 
classification of Rosendahl and Butters (7). 

Beech family: 

Black oaks: 

Northern red oak (Quercus borealis). 

Red oak {Quercus borealis var maxima). 

Northern pin oak (jack oak) {Quercus ellipsolidalis) . 

White oaks: 

White oak {Quercus alba). 

Northern bur oak {Quercus macrocarpa var. olivaeformis) . 

Elm family: 

American elm {Ulmus americana). 

Birch family: 

Hop-hornbeam or ironwood {Ostrya virginiano). 

Collections of the various seeds were made during the seasons of 
1933, 1936, and 1937, and the material was dried at room temperature. 
The husks or shells were removed and the seeds ground in a burr mill. 
The meal was treated in a Soxhlet extractor with naphtha gasoline 
to remove the fat. The extracted seed meal was dried in an oven 
at 55^ C, and at atmospheric pressure, and further ground in a ball 
mill until all the material passed through a 100-mesh sieve. 

The fat-extracted material will be referred to in this paper as the 
seed meal. The percentage of fat was determined in the Bailey- 
Walker apparatus with ether as a solvent. The seed meal was ana- 
lyzed for moisture and ash by standard methods. Total nitrogen 
was determined on the seed meal by the Kjeldahl-Gunning- Arnold 
method, and calculated on the ash- and moisture-free basis. 

1 Received for publication July 13, 1942. Paper No. 2012, Scientific Journal Series, Minnesota Ajjricul- 
tural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 355. 
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EXPERIMENTAL DATA 
PEPTIZATION STUDIES ON THE SEED PROTEINS 
Methods 

The methods described for this division of the experimental work 
have been developed on the basis of the general classification given 
for proteins. 

A. Duplicate 2-gm. samples of seed meal were weighed out and 
transferred to 100-ml. pyrex centrifuge tubes and suspended in 25 mh 
of distilled water. This was stirred with a glass rod for 20 minutes 
and then centrifuged until the liquid was clear. The clear peptizates 
were decanted into 800-mL Kjeldahl flasks. A second and a third 
successive extraction were made in the same manner and the three 
peptizates were combined for the determination of total nitorgen. 
It is recognized that salts were present in the meals and may have 
slightly altered the peptization values. Since the concentrations of 
these salts in the water range from 0.58 to 0.18 percent as calculated 
from the ash determination, and since the procedure detailed in para- 
graph B results in additional protein, the results obtained here are 
reported as the water-soluble nitrogen fraction. 

B. The residues in the 100-ml. centrifuge tubes, after the water-sol- 
uble protein had been removed, were next extracted with a 5-percent 
solution of C. P. potassium chloride in distilled water. This solution 
has a pH value of 6.78. Three extractions were made according to the 
procedure described in paragraph A. This is reported as the nitrogen 
soluble in saline solution. 

C. The residues in the 100-ml. centrifuge tubes from paragraph B 
were extracted with 70-percent alcohol at 65° to 70° C., according to 
the procedure described in paragrahp A. This is reported as the 
alcohol-soluble nitrogen. 

D. The residues, after fractions A, B, and C of proteins had been 
removed, were extracted with a 0.2-percent solution of potassium 
hydroxide. Three extractions were made exactly as described in 
paragraph A. This fraction is reported as the alkali-soluble nitrogen* 

E. The nitrogen in the residues from paragraph D was determined 
by the Kj eld ahl-Gunning- Arnold method and is listed as the residual 
nitrogen. 

Results 

The results of the analyses of the seeds made according to the 
methods outlined above, are given in table 1. 


Table 1. — Analysis of the ground tree seeds of various crops 


Seed crop 

Fat in 
dry, 
ground 
seed 

Seed meal 

Proportion of total nitrogen 


Total 

nitro- 

gen 

re- 

covery 

Mois- 
ture 1 

Ash 1 

Total 
nitro- 
gen 2 

Water- 

sol- 

uble 

Soluble 

in 

saline 

solution 

Alco- 

hol- 

soluble 

Alkali- 

soluble 

Resid- 

ual 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Elm, 

33.55 

6.70 

7.30 

11.65 

35.30 

46. 30 

0.70 

12.50 

6.60 

100.40 

Ironwood: 











' 1933.. ...... 




3.17 

38.35 

35.92 

2.28 

8. 82 

13. 87 

99,24 

■' 1937....-....-.--..,. 

19. 21 

6.00 

4.65 

2.69 

12. 43 

15. 94 

4.27 

38.58 

29. 72 

100. 94 

White oak, 1936.......... 

7.94 

3.05 

2,65 

2.14 

21.31 

2.58 

4. 64 

40. 83 ; 

31.29 

100. 66 

Northern bur oak, 1936. . 

7. 86 

5.80 

2.93 

1.68 

28. 62 

2.81 

5.24 

42.98 

18. 71 

98.40 

Northern red oak, 1937... 

20.56 

5.18 

3.48 

1.47 

9.85 

1.74 

6.56 

56. 22 

25.71 

100. 08 

Red oak, 1937 ...... 

11.60 

4. 53 

3.33 

1.62 

15. 98 

1.38 

5.84 

34.98 

41.48 

99. 66 

Northern pin oak, 1937.. 

20. 00 

6.02 

2.22 

2.09 

6.68 

2.41 

6. 15 

58.77 

26.31 

100. 32 


3 Fat-, uaoisttire-, and ash-free basis. 


i Fat-free basis. 
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ISOLATION OF PROTEINS FROM THE PREPARED SEED MEAL 
Methods 

The protein in the seed meal from the elm seed, ironwood seed, white 
oak, northern bur oak, and northern red oak was fractioned into 
albumin, globulin, prolamin, and glutelin by peptization in exactly 
the same manner as described in paragraphs A, B, C, and D above. 
Ten-gram samples of seed meal, 250-ml. centrifuge tubes, and 250-mL 
portions of extracting solutions were used. 

A. For the isolation of the albumin fractions from the different 
meals, the pH of minimum solubility was determined. This was made 
by the addition of varying amounts of 50 percent acetic acid to a 
series of tubes of peptizates (pH range from 5.4 to 2.7), and the solu- 
tions were boiled for 20 minutes. The material was centrifuged and 
the unprecipitated nitrogen was determined on aliquots of the clear 
liquid by the Kjeldalil method. The pH at which the precipitation 
was most complete was taken as the pH of minimum solubility. 

Large volumes of the albumin peptizates were adjusted to the pH of 
minimum solubility, the protein was coagulated, and then separated 
from the mother liquors by centrifugation. The proteins were dried 
with 65-percent, 75-percent, 85-percent, and 95-percent alcohol, used 
in turn, and finally with anhydrous acetone. The acetone was 
removed by drying the preparations in an oven at C. 

B. The globulins were precipitated from the salt peptizates by 
dialysis in cellophane tubes against tap water for 12 hours and finally 
against distilled water for about 24 hours. The proteins were 
separated from the mother liquors and dried as described in para- 
graph A. 

C. The alcohol extract was diluted with a large volume of water 
containing a little sodium chloride. A small precipitate resulted which 
was again dissolved in aqueous alcohol and precipitated. The yield 
was not enough to permit further study. 

D. The pH at which the glutelins were most completely precipitated 
from the alkaline extracts was determined in the same manner as for 
the albumin described in paragraph A, except that heating was not 
necessary. The pH of minimum solubility of the protein is given in 
table 2. Large volumes of peptizates were adjusted to the pH of 


Table 2. — Minhnum solubility of proteins 


Seed meal 

Protein 

pH range 

Seed meal 

Protein 

pH range 

Ironwood . 

/Albumin 

3. 9~3. 4 

4. 2-3. 5 

4. 7-3. 9 

4. 3-3. 6 

Northern red oak 

do_. 

4. 4-3. 5 
3. 8 
4. 5-3. 7 

1 1 Glutelin,. 

Elm 

/ Albumin 

White oak„„_. 

Glutelin 

1 Glutelin 


Northern bur oak _ ^ . 

do„-, --! 



minimum solubility of the protein by the addition of 50-percent 
acetic acid and the protein separated from the mother liquors and 
dried according to the method described in paragraph A. 

E. No attempt was made to study the nature of the nitrogen in 
the residue. 

Results 

Elm seed and ironwood seed —The alhrnnhif globulin, and glutelin 
fractions behaved normally when the above-described methods of 
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isolation were employed, but the prolamin fractions were so small 
that their isolation would have been difficult, if not impossible. 

Acorms , — The major protein, glutelin, was isolated from white oak, 
northern bur oak, and northern red oak by the method described in 
paragraph D. All yields are given in table 3. 


Table Z,— Protein isolation yields from various seed meals 


Seed meal 

Fraction 

Protein 

yield 

Seed meal 

Fraction 

Protein 

yield 

Ironwood: 

1933 


Albumin 

Percent 

1.61 

2.00 

1. 17 

1. 22 
.90 
9.02 

Elm: 

1934 

Albumin 

Percent 

3. 65 
7. 00 
24. 30 
13.40 
8.02 
8.44 
5. 56 

Globulin 

1936... 

[ do 

1937 

Glutelin 

iGlobulin 

'Albumin 

Northern bur oak, i936. 
White oak, 1936.. 

[Glutelin. 

Globulin 

do 


Glutelin. 

do 


Northern red oak, 1936. 

do 


Attempts to precipitate albumin or globulin fractions from the 
peptizates of the acorn meals by the method described in paragraphs 
A and B failed. A 5 percent solution of the trichloracetic acid also 
failed to yield precipitates. 

The alcohol-soluble proteins from the acorns precipitated very 
slowly by the method described in paragraph C above. The yield 
of protein was very low. Five hundred grams of northern red oak 
seed meal yielded 1.62 gm. of prolamin which contained 6.18 percent 
nitrogen. Acorns contain a large amount of alcohol-soluble gums 
that precipitate with the protein. 

The water- and the salt-soluble extracts corresponding to the albu- 
min and globulin fractions of the acorns were studied according to the 
procedure used by Hiller and Van Slyke ( 4 ), with tungstic acid as a 
precipitant. The peptizate from 20 gm. of seed meal was used in this 
study. The data obtained are given in table 4. 


Table 4. — Analysis of the albumin and globulin in acorns of three species 

of oak trees 


Tree species 

Fraction 

Total 
nitrogen in 
peptizate 

Total 

nitrogen in 
filtrate 

Nitrogen 
precipitated 
by tungstic 
acid 

Amino 
nitrogen in 
peptizate 

White Oak 

Northern bur oak 

Northern red oak..„ 

/Albumin i 

\ Globulin .... 

/Albumin 

1 Globulin. 

/Albumin... ..i 

iGlobuiin.. 

Milligrams 

85,29 

9. 84 
93.54 

9. 56 
20.15 
4.69 

Milligrams 
■ 83. 47 

1. 46 
88. 75 

4. 98 
16, 69 

0 

Milligrams 
1.82 
8. 38 
.4.79 
4. 58 
3.46 I 
4.69 

Milligrams 

24.63 

21. 42 

17. 20 


ANALYSIS OF THE PROTEINS ISOLATED FROM THE TREE SEEDS 

Moisture, ash, and total nitrogen were determined by the usual 
technique. The percentages of nitrogen were calculated on the 
moisture- and ash-free basis. 

A nitrogen-distribution study was made according to the method of 
Van Slyke (10) as modified by Plimmer and Rosedale (^). I-Cystine 
determinations were made on the basic fraction and on the filtrate 
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from the bases by the method of Sullivan and Hess (8, 9). Tyrosine 
and tryptophane were determined on a tenth of a gram of protein by 
the method developed by Folin and Ciocalteu (2) and modified by 
Folin and Marenzi (3) and Da Silva (1). The data from this experi- 
ment are given in table 5. All analyses were made in duplicate but 
only the averages are reported here. 


Table 5. — Nitrogen distribution of the proteins of various tree seeds in percentage of 
total nitrogen^ calculated on a fat-, ash-, and moisture-free basis 


Distribution of nitrogen ^ 

Ironwood 


Elm 


White 

oak 

North- 
ern bur 
oak 

North- 
ern red 
oak 

Albu- 

min 

Glob- 

ulin 

Glute- 

lin 

Albu- 

min 

Glob- 

ulin 

Glute- 

lin 

1 

Glute- 

lin 

Glute- 

lin 

Glute- 

lin 

Acid-Insoluble humin nitrogen. 

1.33 

0.67 

3. 35 

2. 15 

1.18 

2.40 

3. 16 

4.34 

3.19 

Acid-soluble humin nitrogen 

Phosphotungfatioacid humin nitro- 

.67 

.26 

.32 

.52 

.34 

■ .17 

.81 

1.87 

1.44 

1.43 

gen 

1.30 

1. 07 

1.17 

1. 94 

.98 

2.41 

1. 77 

2. 15 

Amide nitrogen 

10.67 

10.69 

11.25 

7.84 

10. 63 

8. 67 

10. 86 

9.78 

11. 80 

Total nitrogen of the filtrate 

51. 35 

52.75 

49. 66 

50.95 

47. 71 

51.04 

51. 87 

54. 54 

54.37 

Total nitrogen of the bases.. 

34. 81 

35.29 

i 34.48 

36.49 

39.29 

36. 61 

29.94 

28. 46 

27. 01 

Recovery... 

100. 13 

100. 73 

100. 23 

99.89 

100. 13 

99. 70 

100. 11 

100.33 i 

99. 95 

Amino nitrogen of the filtrate 

45. 36 

46.72 

"44.98 

34.50 

41. 00 

44.88 

47.10 

49. 76 

35, 71 

Nonamino nitrogen of the filtrate. 

1 

5.99 

6. 03 

4.68 

16. 45 

6.71 i 

6.16 

4.77 

4. 78 

18. 66 

Amino nitrogen of the bases 

13. 24 

1^2^ 

lIoF 

16. 28 

14. 80 

14. 94 

13.04 

1^52 

11. 37 

Nonamino nitrogen of the bases.. 

21. 57 

22.03 

22.40 

20.21 

24. 49 

21.67 

16.90 

15. 94 

16,64 

Arginine 

27.97 

27.38 

27. 14 

22.81 

29.61 

28.63 

19. 20 

16. 65 

18, 24 

Histidine 

Cystine: 

,89 

2.25 

3. 07 

4.65 

3.28 

5. 52 

3.75 

5. 19 

2. 96 

Bases 

.14 

.10 

.12 

.78 

.58 

.73 

.39 

.24 

1. 16 

Filtrate.. 

.40 

.35 

.32 

1.05 

.84 

.88 

.43 

.43 

1.24 

Lysine 

5. 80 

5. 57 

4. 17 

8.24 

5. 36 

6.74 

6. 59 

6. 38 

4.66 

Tyrosine 

1.11 

1.21 

1. 12 

1.82 

.10 

1.63 

1.75 

1.93 

1.83 

Tryptophane 

.48 

.82 

1.44 

.48 

.53 

1. 52 

1.69 

1.94 

1. 25 

Moisture 

7. 70 

7. 42 

2,28 

3.85 

7.00 

4.91 

9.70 

8.90 

6. 20 

Ash 

6.20 

1.86 

1. 10 

5. 72 

.36 

1.61 

2. 32 

1.64 

2.15 

Nitrogen 

16. 94 

18.54 

12.61 

15. 53 

19.19 

14.80 

13. 04 

12.83 

10. 74 


2 Determined by the method of Van Slyke (10) as modified by Plimmer and Rosedale (6‘). 


DISCUSSION 

PEPTIZATION 

The peptization study on ironwood seed (table 1) suggests that 
there is a great difference in the nature of the protein laid down in 

the seed during a dry year ( 193.3). and,. during, a .year wh en rainfall is 

normal (1937). The seed collected during the dry year of 1933 had a 
slightly higher total nitrogen content than the seed collected in 1937. 
This observation is in harmony with the findings of cereal chemists 
in studies of cereal grains, particularly wheat. The study further re- 
vealed that the crop of 1933 had a much larger water-soluble and salt 
soluble protein fraction, a correspondingly small alkali-soluble 
protein fraction, and less residual nitrogen than the crop of 1937. 
Since ironwood seed ripens in September climatic conditions in August 
and September must be considered in predicting the nigtrogen content 
of the seed. 

The analyses of acorns from five varieties of oaks reveal that the 
seed of the red oak is much richer in fat than that of the white oak. 
The nitrogen content of all the different varieties of acorns is low 
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and the residual nitrogen accounts for from 18 to 40 percent of the 
total nitrogen. The major protein in acorns is a glutelin. 

PROTEINS ISOLATED 

Tungstic acid will precipitate proteins, peptones, and proteoses (^). 
An examination of table 4 with this in mind shows that there is very 
little protein nitrogen in the water-soluble (albumin) fraction from 
acorns and that a greater part of the nitrogen in the salt soluble frac- 
tions is protein in nature. Acorns are rich in alkali-soluble gums that 
precipitate with the protein, resulting in a product low in nitrogen. 

VAN SLYKE ANALYSIS OP THE PROTEINS 

An outstanding difference between the red oak and the two white 
oak proteins lies in the high nonamino nitrogen in the filtrate from the 
bases of the red oak. This includes the proline, oxyproline, and tryp- 
tophane nitrogen of the protein. The nitrogen distributions of the 
three protein fractions from ironwood seed are very much alike, while 
a similar comparison of the protein fractions of elm seed reveals a 
considerable difference. 

The arginine content of the proteins examined is notably high and 
the arginine nitrogen represents the major percentage of the total 
basic nitrogen. These values range from 77.6 to 80.4 percent for 
the ironwood seeds, from 62.5 to 78.2 percent for the elm seeds, and 
from 58.5 to 67.5 percent for the acorns. Larmour {5) has collected 
the analyses of a variety of plant proteins; of these edestin is recog- 
nized as being rich in arginine with 81.6 percent of the basic nitrogen 
in this form, whereas the various cereal proteins contain 45 to 65 
percent of the total basic nitrogen as arginine nitrogen. In this 
respect, as well as in the other constituents determined, the tree-seed 
proteins appear to be within the range reported for other edible-seed 
proteins. 

SUMMARY AND CONCLUSIONS 

The percentage of fat, ash, and total nitrogen in the following tree 
seeds has been determined: American elm, ironwood, white oak, 
northern bur oak, northern red oak, red oak, and northern pin oak. 

The acorns from red oaks are richer in fat than the acorns from 
white oaks. Elm and ironwood seeds are rich in fat. 

Acorns are low in protein, ironwood seeds are somewhat higher in 
protein, while elm seeds are very high in protein. 

A peptization study on the proteins of the above-named tree seeds 
has been made. The water-soluble, saline-solution-soluble, alcohol- 
soluble, alkali-soluble, and residual nitrogen have been determined 
on the same sample of each seed meal. 

The major ppteins have been isolated from the seeds studied. 
From the American elm there were obtained an albumin, a globulin, 
and a glutelin. The same types of protein were isolated fi^om iron- 
wood seeds. From the three oaks only the glutelin fraction was 
obtained. 

The above-named proteins have been analyzed for nitrogen distri- 
bution according to the method of Van Slyke (70). 

Tyrosine, tryptophane, and cystine have been determined colori- 
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metrically. The last-named was determined on both the basic frac- 
tion and the filtrate from the bases. 

The ratio of arginine nitrogen to total basic nitrogen is strikingly 
high, but in this respect is similar to that of other seed proteins. 

The water- and salt-soluble nitrogen fractions from acorns of white 
oak, northern bur oak, and northern red oak have been studied with 
tungstic acid as a precipitant. The water-soluble fraction was chiefly 
nonprotein in nature while the saline-solution-soluble fraction was 
chiefly protein. ^ 

Acorns contain la,rge amounts of alkali-soluble gums that interfere 
with the isolation of the major protein fractions. Eighteen to forty 
percent of the nitrogen is residual nitrogen. 
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SOME METHODS FOR APPROXIMATE PREDICTION OF 
SURFACE AREA OF FRUITS' 

By William Dowell Baten, research associate in statistics, and Roy E. Marsh alLj 
research horticulturist, Michigan Agricultural Experiment Station 

INTRODUCTION 

It is sometimes desirable to know the surface areas of apples that 
are to be used in investigations relating to spray coverage, spray- 
residue removal, respiration, or coloration. This paper presents 
the results of a study to determine whether satisfactory mathemat- 
ical equations could be developed that would facilitate approximate 
predictions of exposed surfaces or surface areas of different varieties 
and kinds of fruits at different stages of growth or maturity. 

MATERIAL AND PROCEDURE 

During the fall of 1940 Johathan, Delicious, and McIntosh apples 
w'ere obtained from orchards of the Michigan Agricultural Experi- 
ment Station for the purpose of determining surface areas of apples 
and making certain measurements that might be correlated with 
surface area. Jonathan apples were picked at random on Septem- 
ber 5, September 20, and October 24; Delicious apples were harvested 
on September 14, September 28, and October 22; McIntosh apples 
were gathered when they reached maturity. Seventy-five apples 
were taken at each sampling period. Stayman and a second sample 
of McIntosh apples were bought in a store in Lansing, Mich., in 
December. Each apple was cut through the middle transversely 
as shown by a cross section in figure 1. Narrow strips of peel were 
then removed, pinned to a sheet of paper, and traced with a sharp 
pencil (fig. 1). The areas of each strip and each cross section were 
found by means of a planimeter, carefully manipulated by one 
person. The measurements made on Jonathan apple No. 2, har- 
vested September 5, are shown in figure 1. Preliminary investiga- 
tions with two samples, each of 100 apples from the 1939 crop, 
indicated that 75 fruits were enough to use for obtaining surface 
area with an accuracy of 5 percent of the mean. 

After several trials it was found that the peeling should be cut 
into narrow strips (approximately three-fourths inch at the widest 
point) because when wide strips w-ere used, the peelings wrinkled 
and were very difficult to trace accurately. The strips were between 
one-eighth and one-sixteenth inch thick. At this thickness the 
peeling will not curl at the edges when being traced and the pencil 
can move around the edges with little diflBculty. Each strip was 

I Received for publication May 4, 1912. Journal article No. 456 (n. s.) from the Michigan Agricultural 
Experiment Station. 


Journal of Agricultural Resfwch, Vol. 66, No. 10 

Washington, I). G. May 15, 1943 

Key No. Mich .-39 


626426—43 -1 


(357) 


358 


Journal oj Agjicultural Research voi. 66, No. lo 


fastened to the pad with several pins to prevent buckling; this held 
the peeling in position and flattened it on the paper. The pieces 
of peeling were more or less irregular at the ends because of the 
shapes of the basins and cavities of apples. A little care enabled the 
peeler to cut so as to remove the entire peeling to the bottom of the 
cavity or the basin. 

Some slight errors were made in tracing and measuring areas with 
a planimeterj but careful work reduced these to very small amounts. 
The planimeter was read to 0.01 of a square inch. Any strip of peel, 
regardless of width, is convex or concave, depending on the side it is 
viewed from, and cannot therefore be made to lie completely on a 
flat surface. To secure an estimate of the amount of error caused by 
curvature, several pieces of tissue paper of different shapes (triangular, 
rectangular, and square) whose areas were known, were glued to 
various parts of the surface of an apple before it was peeled. These 
were cut from the apple with the peeling, pinned onto a sheet of paper, 
and traced. The areas of these tracings were found with the pla- 



AREA (SQUARE INCHES) 


Figure l.—DiagraiiivS showing axial cross section (A), transverse cross section 
(B), and narrow strips of peel (C) removed from apple and pinned to a sheet 
of paper for tracing to determine the area with a planimeter. Measure- 
ments given are those of Jonathan apple No. 2, harvested September. 5, 

nimeter. In several instances, the planimeter areas of these tracings 
were the same as the original areas of the tissue paper; in the others, 
the planimeter areas differed from the known areas by one or two 
points in the second decimal place. This would indicate that the 
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small strip-planimeter method will give good results, and that the sum 
of the areas of the peeling strips from an apple should be approx- 
mately equal to the surface area of the apple. 

Various methods have been employed for measuring the external 
surface of apples. Russell and Marshall ^ nailed one-half of an apple 
to a table, cheek facing the table and periphery of the cut surface 
marked with an indelible pencil, and then by tissue paper brought up 
around the half, estimated the surface area of half of the apple and 
then multiplied this by two to secure the entire surface of the apple. 
This method would appear to be difficult to use as the paper folds 
and wrinkles when brought up around the convex surface. Again, it 
is not easy to cut unsymmetrical apples into two equal parts. 

SURFACE-AREA DETERMINATIONS FROM SURFACE OF ELLIPSOID s 

The surface area of an ellipsoid with axes a'f>bf>e, similar to the one 
shown in figure 2, is, according to Wilson,^ 

( 1 ) 2^C^+^^^,F(4>,k)+''^Ei4>,k)], where cos <#.= 

^ — w =-Tl'E(<j>,k) = I /. =-== and 

¥ sm^ <j> ’ ^ Jo VI”* 0 



Figitke 2.“— Outline of an apple when it is considered as an ellipsoid with di- 
ameters, (a, 6, c) equal to those of the McIntosh apple shown in figure 3, C. 

To apply this formula to apples, it is necessary to show that apples may 
be considered as ellipsoids with some adjustments. If one were 
able to pull the peeling out from the stem cavity and from the basin, 
as is partly shown by dotted lines in figure 3, an object similar to an 
ellipsoid would result. The surface of the apple has not been changed, 
for the area of the skin in the cavity and the basin is the same after 
it is pulled out as before. With a httle care one can draw the dotted 
lines SO: that the curvature at the points and 6, r, and c? in figure 3 

2 Russell, 0. E„ and Mabshall, R. E. Unpublished data. 

3 The ellipsod formula was applied after trials with the formula for the surface area of a sphere, viss 
where d represents the average of three diameters of an apple, failed to give good results. 

4 Wilson. E. B, ADVANCED CALCULUS. 1912. See. p. 516. 
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are tlie same for the dotted lines as for the contour of the apple. 
The length of the line aeb is not always equal to the dotted line afb, 
and the length of the line cgd is not always equal to the dotted line chd. 

Figure 2 shows what the outline of an apple looks like if it is con- 
sidered as an ellipsod with diameters equal to the diameters of the 
McIntosh apple shown in figure 3, C. The surface areas of ellipsoids, 
similar to the one shown in figure 2 constructed from measurements 
of the McIntosh apple in figure 3, C, were found by the formula 





f 




Figure 3. — Drawings showing axial cross sections of Jonathan apple No. 29 (A), 
Jonathan No. 28 (B), McIntosh (C), and Delicious (D). Dotted lines a/?> 
and chd show' the approximate ellipsods that would result if the area of the 
skin in the stem cavity and basin were pulled out as showui. 

given above. Of course an ellipsoid corresponding to each apple 
was not actually drawn as in figure 2. The surface area of an ellip- 
soid corresponding to each apple (by using dotted lines as shown 
above) was computed by the above formula and compared with the 
surface area found by the planimeter. Figure 3, M and shows 
the dotted lines for Jonathan apples Nos. 29 and 28, respectively. 


May 16, 1943 


Approximate Prediction oj Surjace Area oj' Fruits 


3ol 


The surface areas of these ellipsoids approximate closely the corre- 
sponding areas found with the planimeter. 

A study of the differences in surface area obtained by the formula 
and those obtained by the planimeter showed that all w'ere in absolute 
value less than 0.9 of a square inch and that only 6 were as large as 
0.5 of a square inch. These facts, together with the plus and minus 
differences, show that formula 1 gives approximate values for the sur- 
face areas of Jonathan apples. The average error or the average differ- 
ence is 0.03 square inch, and the standard deviation of these errors, 
which may be considered to be the standard error of estimate, is 0.35 
square inch (table 1). The 43 positive and 30 negative differences 
indicate that formula 1 gives values a little too small since the error 
is considered to be the planimeter value minus the value obtained from . 
formula 1. Formula 1 was applied to McIntosh, Delicious, and Stay- 
man Winesap apples, with the results given in table 1. 

Figure 3, O and D, shows how the rounding at the stem and blossom 
ends of McIntosh and Delicious was made by the dotted lines. An 
apple is not an ellipsoid (a section through the axis does not cut the 
apple into two equal parts), but the surface area computed from the 
ellipsoid described is nearly equal to that obtained from the planim- 
eter measurements (table 1). The errors pertaining to Delicious 
apples are larger than those pertaining to Jonathan, McIntosh, or 
Stayman Winesap; those for Jonathan (first harvest) being on the 
average the smallest. No doubt the points or crowns and. accompany- 
ing corrugations at the blossom end of the Delicious fruits gave rise 
to errors, as did also the broad flattened shapes of the McIntosh fruits. 


Table 1. — Averages of the differences in surface area, in square inches, of different 
varieties of apples determined hy formula (1) and planimeter readings 


Variety 

1 

Harvested — 

Mean 
differ- 
ence ’ 

cr 

1 

[ Maxi- 
mum 
error 

Percent le.ss 
than 1 . 
square inch 
in error 

.Tonathan 

1 

Sept. 5 . . . 

0.03 

0. 35 

0.87 

100 

Delicious 

Mature . - 

.08 

1. 15 

2.09 

n 

Meliitosb: 

P'irst sample 

. ..do . . 

.20 

.03 

i 1.20 

93 

Second sam pie 

_.do - -- 

11 

.63 

1. 76 

85 

Stayman VMnesap 

... do... 

.68 

.98 

2.08 

68 





Since formula (1) involves two incomplete elliptic integrals, cosines 
of angles and radicals, it is very difficult to use. An expert computer 
requires about 20" minutes to calculate the surface area of one apple 
with this complicated formula. It is therefore not practical to em- 
ploy, although it does give very good results. Other less complex 
formulas were developed and compared with formula (1). 

SURFACE-AREA PREDICTIONS FROM TRANSVERSE CROSS SECTION 

The areas of the transverse cross sections shown in figure 1 and the 
surface areas obtained from the planimeter are plotted in figure 4 for 
Jonathan and McIntosh apples at maturity. This graph and similar 
ones for the other varieties suggest a linear relation between the areas 
of the transverse cross sections and surfaces areas. The predicting 
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straight lines are drawn in the chart together with the bands of 
^ ‘normality.’^ The width of both bands is two times the size of the 
standard error of estimate. This band shows on the average the in- 




Y'= 1.99 + 3.55 X 


.y- TRANSVERSE CROSS SECTION (SQUARE INCHES) 




^**0.67+ 4.37 X 


A' ^TRANSVERSE CROSS SECTION (SQUARE INCHES) 

Figure 4. — Areas of the transverse cross sections shown in figure 1 and the sur- 
face areas oVjtained from planimeter readings plotted for McIntosh applies (A) 
and Jonathan apples (B) at maturity. 

terval in which 68.2 percent of the observed values of surface areas 
will fall if the predicting equation is used for estimating the surface 
area. In this chart the scatter diagrams fall along the straight lines^ 
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indicating a rather definite association between these two yariables 
The size of the standard error of estimate reveals the magnitude of 
the average error when the predicting equation is used. Table 2 
contains the predicting equations for the varieties for the different 
harvesting dates, together with the standard errors of estimate. 
These equations were found when y=^a-\-hx and y~cx were used as 
the linear relation between planimeter surface area and area of trans- 
verse cross section. If the apples were perfect spheres, the surface 
area would be equal to y' =4x. The constant c is in the neighborhood 
of 4. 

Table 2. — Eguatwns for predicting surface area from, the area of transverse cross 
section ^ of apples of different varieties harvested at different times 


Variety 

Harvested— 

Mean 

surface 

area 



i 

Square 

inches 


iSept. 5 

13. 17 

Jonathan 

•Isept. 20 

17. 10 


loct. 24 

20. 31 


f Sept. 14 

17. 24 

Delicious 

•Isept. 28 

17. 04 


(Oct. 22 

21. 72 

McIntosh - 

jMature 

27. 67 


1 do 

22.62 

S taymari Winesap ... 

do 

24.35 




Equation 


Square 

inches 


~0. 05-1-4. in 

0. 51 

4. 09x 

.56 

.23+4.13r 

.54 

4.192: 

.55 

- .67+4.372: 

.45 

4.242: 

.46 

- .34+4.07r 

.56 

3.992: 

.56 

.40+3.9Zr 

.82 

4. 06:r 

.83 

2. 02+3. 83.r 

.88 

4.222: 

.92 

. 38+3. 77x 

.77 

3.822: 

.78 

1. 99+3. 55:v 

.63 

3.692' 

.66 

. 84+3. 922 

1. 12 

4.062 

1.13 


1 ;t'=area of transverse cross section; y' = predicted value. 


The sizes of the standard errors of estimates show that one can 
predict the surface area of apples from the equation y'==cx about as 
well as from the equation with a constant in it, y' = a~fbx. This 
means that the surface area is equal to a constant factor times the 
area of the transverse cross section. The errors on the average in 
table 2 are larger than the errors in table 1, showing that formula (1) 
is the better, except in the case of Delicious apples. 


SURFACE-AREA PREDICTIONS PROM LONGITUDINAL SECTION 

When surface areas were predicted from the areas of the longitudinal 
or axial cross sections shown in figure 1, the results recorded in table 3 
were obtained. If the standard errors of estimate in table 2 and table 
3 are compared, it will be seen that those in table 3 are a little larger, 
except in the case of Stayman Wdnesap. This shows that the areas 
from transverse cross sections result in scatter diagram,s that fit the 
lines for predicting surface areas a little better than the areas from 
longitudinal cross sections; the differences are not very large. 
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Table Z,— Equations for predicting surface area from the area of axial or longi- 
tudinal cross section ^ of apples of different varieties harvested at different times 


Variety 


Harvested — 


Sept. 5. 


{ 


Jonathan 


Delicious. 


McIntosh 

Stay man Winesap, 


Sept. 20. 
Oct. 24.. 
Sept. 14 
Sept. 28. 
|0ct. 22. 
^Mature. 
|-_---do. 
do- 


1 .<{= longitudinal cross section. 


Equation 

(Te 

w'= 0.62+4. 33« 

Square inches 
0.62 

y'= 

4.54s 

.62 

.11+4.61.? 

.60 

y- 

4.64.? 

.60 

.72+4.52.? 

.68 

y'= 

4.69s 

. 69 

y'= .81+4.13.? 

.82 

y' = 4. 33.? 

.82 

2/'= .23+4.32.? 

.78 

r= 

4.38s 1 

.78 

y'=-2. 54+4. 0.5s 

1.01 


4.57s 

1. 06 

y'== .05+4. 84s 

1.36 

y' = 

4. 85s 

1. 36 

y'=S. 66+3. 88s 

.88 

y'= 

4. 62s 

.96 

|/'=2. 20+4. 30s 

1.01 


4. 72s 

1. 07 


SURFACE-AREA PREDICTIONS FROM DIAMETER MEASUREMENT 

Since the areas of cross sections usually are not easy to calculate, 
equations for estimating surface areas were obtained from, the largest 
or transverse diam.eters and then from, the longitudinal or vertical 
diameters (distance from the bottom, of the cavity to the bottom, of the 
basin). These predicting equations together with their standard 
errors of estimate are given in tables 4 and 5. 


Table 4. — Equations for predicting surface area from the transverse diameter ^ of 
apples of different varieties harvested at different times 


Variety 


Harvested— 


Jonathan 


Delicious. 


McIntosh 

Stayman Winesap. 



\y'= 

\y'= 

y= 

y= 

y= 

[y'r 

|fy;= 

\\y'= 

y= 


Equation 

<Tt 

-13.09+12.65L_, 

Square inches 
0.64 

6.42L.. 

1. 21 

■16.45+14.48«--. 

.60 

7.4 W... 

1.21 

- 18.22+ 15.40L-. 

.68 

8.14«... 

1. 16 

-17.21+14.5E.-- 

.63 

7.29L.. 

1.31 

-15.70+13.94L.. 

. 73 

7.29i5,.. 

1. 39 

•19.18+15.77t.-. 

.97 

8.4E... 

1.56 

-25.94+17.39t... 

.93 

9.0W.._ 

1.95 

-16.86+14.24if-.. 

.81 

S.lSf... 

1.20 

-21.43=16.38^.- 

1.07 

8.7.5L.- 

1.94 


1 transverse diameter. 


i: 
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Table 5.— Equations for predicting surf ace area from axial or longitudinal diameters ^ 
of apples of diFerent varieties harvested at different times 


^"ariety’’ 


Harvested- 


.fmiathan . 


Delicious 



McIntosh 

Stayman Winesap 


- Vr= 

(?/;= 

\y'~ 

--- \i/= 

h/= 
V= 
li/= 

-gr 

ri/'= 


1 /= longitudinal diameter. 


EcLuation 

CTe 

0.03+ 9.83/ ... 

Square inches 
1.77 

9.85/...., 

1. 77 

2.73+10.20/ 

1. 83 

12.13/ 

1. 85 

6.49+ 9.36/ . . 

1. 77 

14.65/, 

1.89 

-3.58+12.54/ 

1.71 

7.21/,,-. 

1.74 

-3.82+12.84/-,,-. 

2. 04 

10,51/ . - - 

2. 06 

8.67+ 8.15/. 

2. 38 

13.69/ ... 

2. 58 

-1.50+16.56/,.-- 

3.17 

15.72/- 

3. 18 

8.14+10.25/ . - 

1, 92 

15.9//.., 

2. 03 

-5.33+19.65/,,--. 

2. 86 

16.13/---- 

2. 88 


Values of the standard errors of estimate in tables 4 and 5 show 
that the transverse diameter is better to use for predicting surface 
area than the longitudinal or axial diameter. This is as it should be 
since the longitudinal diameter does not reveal the bulges or ridges of 
angular fruits. By comparing values in tables 2, 3, and 4, it is ob- 
served that predicting from the transverse diameter in most cases 
gives results about as good as predicting from areas of cross sections. 
The standard errors of estimate are recorded in table 6 for comparison. 
Figure 5 shows the relation between surface areas and transverse diam- 
eter measurements. The dots in these charts fall veiy close to the 
straight lines; the bands of ^^normality’’ are rather small for each set 
of data and for each variety. Measurements of the transverse diam- 
eters can be made easily and quickly with calipers on uncut apples. 


Table 6. — Standard errors of estimate obtained by predicting surface areas from 
areas of cross sections and transverse diam-eters ^ of apples of different varieties 
harvested at different times. 


Variety 


Harvested 


Measurement 


Jonathan 


Delicious 


McIntosh 


S tayman W inesa p 


I /Sept. 5 

1 

(20__. 

iOct. 24 

/Sept. 14 

<28 

ioct. 22 .... 

{ Mature 

-.do - 


do 


Transverse cross section . 

Axial cross section 

Transverse diameter. . . 
Transverse cross section . 

Axial cross section 

Transverse diameter. _ . . 
Transverse cross section. 

Axial cross section 

Transverse diameter 

Transverse cross section , 
Axial cross section. . . 
Transverse diameter. . . 
Transverse cross section . 

Axial cross section 

Transverse diameter 

Transverse cross section. 

Axial cross section 

Transverse diameter 

Transverse cross section. 

Axial cross section 

Transverse diameter ... 
Transverse cross section. 

Axial cross section. 

Transverse diameter ... 
Transverse cross section. 

Axial cross section. 

Transverse diameter. . . . 


On 


Square inch 
0. 51 
.62 
.64 
.54 
.60 
.60 
.45 


. 56 
.82 
.63 
.82 
.78 
.73 
.88 
1. 01 
.97 
.77 
1. 36 
.93 
.63 


1.12 

1.01 

1.07 


4 y'~a+b (j, s, or 0 
525426—43—2 
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f = DIAMETER(1NGHES) 

Figure 5. — The relation between surface area and transverse diameter measure- 
ments of McIntosh apples (A) and Delicious apples (B) . 

SURFACE-AREA PREDICTIONS FROM WEIGHTS 

The last pickings of Jonathan and Delicious apples in 1940 were 
weighed, and the weights were plotted against corresponding surface 
areas of the fruits. A very definite linear relation between weight and 
surface area resulted (table 7). Since very good results were obtained 
from weights of the two varieties, 75 McIntosh apples and 75 Stayman 
Winesap apples were secured from local stores* for further study. 
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Table 7. — Equations for predicting surface areas from weight ^ of apples oj different 

varieties, 1940 and 1941 


■ ■ 

Variety and year grown i 

! 

Mean 

surface 

area 

Equation 


100~ 

My 

100^ i 

My j 

T y w 

Jonathan: 

Square 

inches 


Square 

inch 

Percent 

Percent 


Mature, 1940 

20. 31 

j/'=6.437+0.136w^'--l 

0.48 

2.31 

3. 16 

0.97 

Picked Sept. 11, 1941 

16.94 ! 

2/'== 5.194+ .147?^J.. 

.58 

3.42 

3.79 

.96 

Picked Sept. 23, 1941-...._ 

18.22 1 

y'=5.307+ .146w;.. 

.52 

2.85 

2. 96 

. 90 

Delicious, 1940. 

21.72 

6.623+ .129WJ.. 

.46 

2.12 

2.14 

.99 

McIntosh, 1940 

22.62 

2/' =7. 122+ .129W-. 

.40 

1.77 

2. 25 

.98 

Stayman, Winesap, 1940 

24.35 

8^'=8.420+ .112w;.. 

.62 

2. 55 

4.68 

.99 

Wagener, 1941 .... 

25. 17 

y' = 7.085+ .121w.. 

.58 

2. 30 

4. 18 

.98 

Gravenstein, 1941 J 

25.49 i 

y'=8.241+ .116u’.. 

.52 

2. 04 

3.78 

.96 

Chenango, 1941 

19.29 

y' =6.906+ .128 m’.. 

.58 

3. 01 

3.52 

.94 

Grimes Golden, 1941 i 

Average 

17.25 

y'= 5.889+ .125w;.. 

y' =6.722+ .129w;.. 

.70 

4. 06 

7. 64 

.92 


1 weight. 

2 “Coefficient of variability.” 

3 Obtained from average equation. 


In view of the excellent results obtained for predicting surface 
area from weight with four varieties of the 1940 crop, it seemed 
advisable to enlarge this phase of the study the following year with 
additional varieties of various shapes. Weight and surface area 
measurements were therefore made during the fall of 1941 on the 
following varieties: Wagener, Gravenstein, Chenango, Grimes Golden, 
and Jonathan. In the case of Jonathan, one picking was made about 
3 weeks before the commercial picking date for that variety, and a 
second picking was made approximately 10 days before full maturity. 
These, together with the Jonathans picked when mature in 1940, 
provided three stages of maturity for this variety. Table 7 shows the 
predicting equations, standard errors of estimate, ^^coefficients of 
variation,’^ and correlation coefficients for the several varieties grown 
in 1940 and 1941. 

The standard errors of estimate indicate that the predicting equa- 
tions give splendid results for estimating surface areas from weights. 
The largest error is 0.70 square inch. The ^^coefficient of vaiiability’' 


(^100 




My) 


is the ratio of the standard error of estimate to the mean, 


the ratios being expressed as percentages. In every case, these values 
are less than 4.1 percent; this again shows the accuracy of the pre- 
dicting equations. The large values of the correlation coefficients, 
shown in the lastcolumn of table 7 {r^f)y ^Iso indicate excellent results 
(see figs. 6 and 7). 

A study of table 7 shows that the slopes of the equations are about 
the same; the difference between the largest slope, 0.147, and the 
smallest slope, 0.112, is only 0.035. There is not a great deal of 
difference between the values of the constant terms in these equations. 
These facts suggest that one predicting equation might be used for 
all varieties for predicting surface area from weight. The equation, 
obtained by averaging the equations for the varieties listed in table 7> 
was found to be y'=6.722 +-0,129 W, 
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The predicted value for each apple was determined by this equation. 
The deviations of the observed surface areas from predicted surface 
areas were then found for each fruit. The standard errors of 
estimate” were obtained for each variety by finding* the square root 
of the average of the squares of the deviations from this average 
equation; these were compared with the former standard errors of 
estimate (table 7, column 4) and also with the means. In only 
one case did the ^^coefficient of variability” exceed 5 percent or in 
only one case did the new standard errors of estimate exceed 5 per- 



WEIGHT (GRAMS) 

Figure 6. — The relation between weight and surface area of Delicious apples (A) 
and of Jonathan apples (B). 

cent of the respective mean; this was for the variety Grimes Golden. 
The percentage in this case was 7.64 (table 7). These facts suggest 
that one relationship between weights and surface areas might be 
used for approximating surface areas from weights for any variety 
of apple. 

It is interesting to note that the predicting equations for Jonathans 
picked on September 11 and September 23, 1941, are almost identical, 
which suggests that during the latter part of the growing season, the 
relation beween weight and surface area remains the same. 
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The question arises as to whether weights are better for predictiiig 
surface areas of apples than transverse sections. On examining the 
errors of estimate in tables 2 and 7, it is seen that for Jonathan apples 
one is as good as the other, but for Delicious and Stayman Winesap 
weight is better. A test to determine whether or not the weight is 
better than the transverse-section measurement for estimating surface 




Figure 7. — The relation between weight and sufrace area of McIntosh apples (^) 
and of Stayman Winesap apples {B). 

area for the McIntosh variety follow’'s. The error of estimate wiien 
weights are used is 0.40; the error of estimate when transverse section 
is used 0.63. Are these significantly different? To obtain informa- 
tion on this point Hotelling's ^ test was employed. This test is given 
in detail because it is a very useful one and can be employed in many 
instances for determining which of two variables is better for predict- 

5 Hotellino, H. the selection of variates for use in prediction with some comments on the 
GENERAL PROBLEM OF NUISANCE PARAMETERS. AHH. Math. Statis. 11: 271-283. 1940. 
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ing a third variable. Applications of this test are given elsewhere.® 
The test is made by finding the following quantities: 

» — \i yw fyxj-^ 2 ^ 

where 

'^‘yz '^yw 

Z) == ryx ^ XW J 

ni/w; ^ XU' I 

where ryw^ and r^w are respectively the correlation coefficients be- 
tween surface area y and transverse section between surface area 
and the weight and between transverse section and weight. In the 
case under consideration, the above quantities are: 

f= (0.983-0.959).^ ^|^^|^^^^^ =4.408, 


D= 


1 

0.959 

0.983 


0.959 

1 

0.968 


0.983 

0.968 

1 


= 0 . 0021 . 


On entering a Z table at 72 degrees of freedom, it is found that there 
is a significant difference between these correlation coefficients and 
also the errors of estimate, or that weights are better for predicting 
surface areas than transverse sections of McIntosh apples. 

Since weight and volume of fruits are closely related, surface-area 
formulas could be developed for predicting or estimating surface area 
from volume measurements. Such would be workable only with de- 
tached fruits, and since apples float, weight measurements would 
appear to be more practical than volume measurements. 


RELATION OF SURFACE AREA AND WEIGHT OF PEARS 

Surface area and weight measurements of Anjou, Bose, and Bartlett 
pears were made in 1941 by the same methods that were employed with 
the apples. These varieties were used because they represent three 
distinct and characteristic shapes of pears. Hedrick^ describes the 
shapes of these varieties as follows: Anjou, oblong-obovate-pyrif orm ; 
Bose, acute-obovate-pyriform; Bartlett, oblong-obtuse-pyriform. 

Table 8 contains equations for predicting surface area from weight, 
standard errors of estimate, ^^coefficients of variability”, Q^iid correla- 
tion coefficients for the pears. This table shows clearly that the sur- 
face areas for these varieties can be estimated very accurately from 
weights of fruits. The three predicting equations differ slightly from 
each other, which suggests that one equation might be used for all 
varieties. The equation resulting from the average of these three 


Q Baten, W. D. how to di^tekmine which of two variables is' better for predicting a third 
VARIABLE. Amer. Soe. of Agron. Jour. 33: 695-699, illus. 1941. 

7HEDRICK-, U. P. CYCLOPEDIA OF HARDY FRUITS. 370 pp., illUS. NowYork. 1922. 
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equations was used to estimate tlie surface area of each pear. This 
equation is ^'—7 .4904 + 0.0995m. Differences were found between 
the observed values and the predicted values from this average equa- 
tion. The square root of the average of the squares of the differences 
was found for each variety and compared with the standard errors of 
estimate listed in table 8. There was very little difference between 
these values as is seen by examining the fourth and fifth columns in 
table 8. Of course, the individual equations found by the method of 
least squares should lead to the smaller errors of estimate. The 
results given above show that the equation found by taking the aver- 
age of the equations can be used for estimating surface areas from 
weights rather accurately . 


Table 8. — Equations for predicting surface areas from, weights of pears 


Variety 

Mean 

surface 

area 

Equation 

ffe 

from 

average 

equation 

Hm) 

Tuw 

1 

Anjou - 

Square 
inches 
23. 05 
22. 18 
22.54 ’ 

2/' = 7.4004+0.0973?/! 

7.4876+ .1008«;.. 
y'= 7.5833+ .lOOSwL. 

Square 

inch 

0.597 

.795 

.693 

Square 

inch 

0. 777 
.801 
.729 

\ 

Percent 

2.59 

3.58 

3. 07 

0. 98 
.96 
.97 

Bose - 

Bartlett 

Average. 


2/' =7.4904+ .0995w;.. 












RELATION OF SURFACE AREA AND WEIGHT OF PLUMS 

Two fully matured varieties of plums having somewhat dijfferent 
shapes were studied in 1941. The Monarch variety is a round-oval 
plum, and the Pond is ovate to obovate in shape. Seventy-five 
fruits of each were weighed and the surface areas determined, the 
same methods being used that were employed with the apples and 
pears. 

Table 9 shows the predicting equations, the standard errors of 
estimate, ^^coefficients of variability,’’ and correlation coefficients. 
Although only two varieties were studied, it appears that the equa- 
tion found by averaging the eq^uations for the two varieties may be 
used with a fair degree of accuracy for determining the surface areas 
of varieties of plums. 

DISCUSSION 

Several different kinds of measurements of apple fruits grown in 
1940 were made in an effort to develop an equation that might be 
used with a fair degree of accuracy to predict surface areas of these 
fruits. Each of these measurements gave straight line relationships 
with surface area, thus permitting use of the equation y=u+6.r in 
predicting approximate surface areas. The fruit measurement that 
resulted in the smallest average and the most uniform standard errors 
when plotted against actual surface-area measurements was found 
lo be weight of apples. 
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Table 9.— Equations for predicting surface areas fr cm, ueigkis of /pluKs 


Variety 

Mean 

sur- 

face 

area 

Equation 

Ce 

from 

aver- 

age 

equa- 

tion 

”"(S) 

T y w 

Pond, - - 

S'lUfire 

inches 

7. 01 

5. 43 

v'== 2.491-1-0 J.38w^ - 
= 1.876-1- .159/e.. 

Square 

inch 

0. 220 
. 147 

Square 

inch 

0.227 

.181 

Percent 

3. 14 
2.71 

' 0. 9n 
. 94 

Alonareii 


2/' = 2.184-1- .MOiC.. 












Inasmuch as weight determinations of harvested or detached apples 
is the most practical measurement to make of the several that were 
studied, it was deemed advisable to enlarge upon this phase -of the 
study wdth apples in 1941 and to include some varieties of pears and 
plums having various shapes. In view of the fact that 15 sets of 
determinations with these fruits resulted in only 1 ease (the Grimes 
Golden variety of apple) where the standard error of estimate ex- 
ceeded 5 percent of the mean, the authors recommend the predicting 
equations involving weights of fruits where harvested, or detached 
fruits can be used. 

Furthermore, the data indicate that it is possible to use one equa- 
tion for several varieties of the same kind of fruit with at least a fair 
degree of accuracy. The average equation for the varieties of apples 
studied was 7/' = 6.72+0.13'ie. When this was used as the predicting 
equation for the individual apples of 10 sets of weight measurements 
made in 1940 and 1941, the standard error of estimate exceeded 5 
percent of the mean only in the case of the Grimes Golden variety. 
Similar results were obtained with average equations for pears and 
plums. 

If it is necessary to determine approximate surface areas for apples 
that are attached to the tree, it is suggested that the predicting equa- 
tion for surface area be based on transverse diameter measurements, 
which can be made readily with calipers. 

Predicting equations for surface areas should be based on straight- 
line trends or relationships for 75 fruits that represent the ranges of 
shapes and sizes in approximately the proportions that actually occur 
on the plant or the fruits being studied. W^hen the sample of fruits 
used in this study contained much fewer than 75 specimens, the 
standard error of estimate usually exceeded 5 percent of the mean. 
On the other hand, there appears to be no advantage in using a larger 
sample if the fruits selected are truly representative of those on the 
plant or in the lot to be measured. 

The fruits used in this study were mature or within 3 to 4 weeks of 
full maturity. The predicting equations for surface areas seem to be 
entirely satisfactory for use within the range of growth period or 
degree of maturity studied, and they apparently may be used with 
fruits much farther from full maturity. 

In view of the fact that the varieties of apples, pears, and plums 
used in this study afforded a wide range of sizes and shapes, the 
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authors believe that transverse diameter or weight measurements 
may be used to predict surface areas of fruits throughout the growing 
season, provided a representative sample of 75 fruits is used as a basis 
for the formulation of the predicting equation. 

SUMMARY AND CONCLUSIONS 

Surface areas of apples were obtained by halving the apple trans- 
versely, removing the peel in narrow strips, pinning these strips to a 
sheet of paper, tracing the outline of the peel strips with a sharp pen- 
cil, and measuring areas of the strips of peel with a planimeter. 

The peel may be lifted from the cavity and basin of an apple to 
form an object similar to an ellipsoid, and a formula for calculating 
the surface area of an ellipsoid was found to give a standard error of 
estimate of 0.35 square inch when employed to predict surface areas 
of Jonathan apples. 

Linear relations, predicting equations, and standard errors of esti- 
mate were determined, for planimeter surface areas of apples and each 
of the following measurements: Areas of transverse cross sections, 
areas of axial or longitudinal cross sections, transverse diameters, 
axial or longitudinal diameters, and weights of fruits. 

The standard errors of estimate obtained by predicting surface 
areas from areas of transverse cross section, transverse diameter, and 
weights of fruits were smaller than those for other measurements 
tried and any one of these three measurements may be used to predict 
approximate surface areas. A method is presented for determining 
which of two such variables is the better for predicting a third variable. 

The most practical predicting equation for approximate surface 
areas of harvested apples is based on weights of fruits, and the most 
suitable one for use on unpicked apples is based on transverse diameter 
of apples. 

An average predicting equation may be used for several varieties of 
the same kind of fruit with standard errors of estimate nearly as low 
as the standard error of estimate for an equation based on a single 
variety. 

There appears to be a rather constant relationship between surface 
areas and weights of apples during the several weeks prior to maturity. 

Weights of pears may be used to predict surface areas of these 
fruits, and an average predicting equation may be used with reason- 
able accuracy for several pear varieties having a wide range of shapes. 

Weights of plums may be used for predicting surface areas of these 
fruits. ■ 




EFFECT OF FERTILIZER AND ENVIRONMENT ON THE 
ASCORBIC ACID CONTENT OF TURNIP GREENS' 

By Ruth Redbr, associate in agricultural chemistry research, Oklahoma Agricul- 
tural Experiment Station, Leah Ascham, formerly Aome economist, Georgia 
Agricultural Experiment Station, and Mary S. Eheart^ assistant professor of 
home economics, Virginia Polytechnic Institute^ 

INTRODUCTION 

Numerous investigations have been conducted to determine the 
effect of fertilizer on the ascorbic acid content of vegetables. The 
methods of experimentation employed have varied widely, particu- 
larly with respect to the plants studied, the cultural methods used, 
and the composition of the fertilizers applied. In early work ascorbic 
acid was determined by biological methods and in later studies by 
chemical methods. The lack of agreement in the results obtained in 
these investigations may probably be attributed, in part, to dissimi- 
larities in the experimental procedures employed. The results indi- 
cate, in general, that the ascorbic acid content of plants tends to in- 
crease as the plant yield is increased by fertilizer application, and that 
nitrogen and potassium are the fertilizer constituents most effective 
in increasing the formation of this vitamin. 

The present study represents one phase of an investigation con- 
ducted cooperatively in six States to determine the cause of variations 
m the composition of vegetables produced by the same cultural 
methods in various sections of those States. The purpose of the 
study, in which three of the cooperating States participated, was to 
determine the effect of fertilizer treatment and environmental condi- 
tions on the ascorbic acid content of turnip (Brassica rapa L.) greens. 
The experiments were conducted at Norfolk and Blacksburg, Va.; 
Stillwater, Okla.; and Experiment, Ga. 

MATERIALS AND METHODS 

Four fertilizer factors were studied. In order that not only the 
individual effects of the fertilizers but also the possible interrelated 
effects might be determined, a factorial experiment was planned. 

A 2X2X2X2 factorial design consisting of 16 treatments with 2 
replications at each location was used. The arrangement of treat- 
ments in each replication was randomized and different arrangements 
were used at each location. The treatments consisted of the appli- 
cation of nitrogen, phosphorus, potassium, and calcium in all possible 
combinations of high and low levels of nutrients; the check consisted 
of plants produced without fertilizer treatment, i. e., the zero level of 
application of all four nutrients. The 16 treatments were: NPKCa, 

1 Received for publication March 24, 1942. Approved for publication as paper No. 1 by the executive 
committee of the southern cooperative project, Variations in the Composition and Nutritive Value of 
Vegetables Grown in the South, 

2 The authors are indebted to B. L. Wade, senior geneticist in charge, U. S. Regional Vegetable Breeding 
Laboratory, Charleston, S. C„ both for guidance in planning this project and for assistance in the statistical 
treatment of the data obtained in the experiments. The authors are also indebted to H. L. Cochran, a.sso- 
ciate horticulturist, Georgia Agricultural Experiment Station, R. C. Moore, assistant horticulturist, Virgi 
nia Agricultural Experiment Station, and H. H. Zimmerley, director, Virginia Truck Experiment Station, 
for their careful supervision of the production of the turnip greens used in these experiments. 
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NPK, NPCa, NP, NKCa, NK, NCa, N, PKCa, PK, PCa, P, KCa, 
K; Ca, and check. 

Turnip seed of the Seven Top variety was supplied for the experi- 
ments by the United States Regional Vegetable Breeding Laboratory 
at Charleston, S. C. The seed was planted in rows 25 feet long and 
30 inches apart. Each replicate consisted of 16 experimental rows 
with 2 border rows on each side of the area. The 2 replicates at each 
location were placed either side by side or end to end. Fertilizers 
were applied in a band 2 inches to the side of the row and 1 inch below 
the seed level. The fertilizers were applied at the following levels: 
60 pounds per acre of nitrogen from ammonium sulphate, 60 pounds 
of P2O5 from superphosphate, 60 pounds of K2O from muriate of 
potash, and 120 pounds of calcium from gypsum. 

Records were kept of the maximum and minimum daily tempera- 
tures and the rainfall at each location. 

Soil samples were taken after the ground was prepared for planting 
and before the fertilizers were applied. The samples were obtained 
in the following manner: A hole approximately 6 inches deep with a 
vertical side was dug with a garden trowel, and from the vertical side 
of the hole a thin, uniform slice of soil was taken from the surface to 
a depth of 6 inches. This operation was repeated 20 times in 2 
diagonals across the field. The samples were thoroughly mixed and 
from the composite a sample was taken for analysis. 

The pH values of the soils were determined by the use of glass 
electrodes. Rapid soil-test determ.inations for calcium., magnesium., 
nitrate nitrogen, and phosphorus were made by the perchlorate 
method of extraction devised by Dr. I. E. Miles ^ Soil organic 
matter was determined by the method originally developed {26) ^ 
and later modified {27) by Schollenberger. Total exchange capacity 
and exchangeable calcium were determined by the methods of the 
Association of Official Agricultural Chemists (f). 

When the first experiment was conducted at Norfolk, six samples 
of greens were analyzed from each experimental row. An exami- 
naton of the results of this experiment by Immer’s m,ethod {12) 
showed that there was need for a reduction in sampling error. This 
was achieved by increasing the number of samples to eight in the three 
experiments carried out in 1940. At Norfolk, Blacksburg, and Still- 
water all rows of a single replicate and, in most cases, all rows of both 
replicates were sam.pled at the sam.e tiro.e. At Experiment two 
collections of four samples were made on 2 different days after plants 
reached the proper size. 

In view of the fact that the ascorbic acid content of plants varies 
thoroughout the day, samples were taken in the morning in each of 
the experim.ents, and all samples from a given location were collected 
at approximately the same time. At Norfolk and Blacksburg samples 
were taken from 8 to 8:30 a. m.; at Stillwater, from 7 to 7:30 a. m.; 
and at Experiment, at 7:30 and 9:30 a. m. 

In sampling, large, medium, and small leaves were selected at 
random from average-sized plants. When the field was close to the 
laboratoiy, the samples were placed in a refrigerator within a few 
minutes after they were collected. At Stillwater, where the field 
was located some distance from the laboratory, the samples were 


» Unpublished method. 

< Italic numbers in parentheses refer to Literature Cited, p. 386. 
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placed in paper bags and packed at once with chipped ice in an in- 
sulated container in which they were conveyed to the laboratory. 

In preparation for analysis, the leaves were thoroughly washed 
and rinsed in distilled water. Excess water was removed by patting 
them either with paper towels or cheesecloth. They were then 
placed in containers and stored in refrigerators at 2° to 4^ C. until 
they were analyzed. All analyses were completed the same day on 
which the samples were collected. Duplicate determmations were 
made of the ascorbic acid content of sam.ples from each row. Rep- 
resentative leaves of various sizes, selected for each sam.ple, were 
cut or torn into strips which were well mixed. From them a 20-gm. 
sample was quickly weighed and placed in a glass mortar and 
covered with an acid mixture consisting of equal parts of 2 N 
H2SO4 and 0.25 N HPO3. 

At this point in the procedure there were som.e differences in the 
techniques employed. At Experiment, the m.ethod used for the 
determination of ascorbic acid was essentially that described by 
Bessey and King (2 ) ; in the other experiments, the method developed 
by Thornton {29) was used. In a comparision of the two methods, 
one of the investigators (M. S. Eheart), using both procedures to 
deteimine the ascorbic acid content of apples, found that the results 
obtained by the two m.ethods were in close agreem.ent. The sam.e 
investigator found that the average percentage recovery of ascorbic 
acid from turnip greens was 96.9 percent for 25 sam.ples. 

The m.ethods em.ployed given briefly are as follows. At Experi- 
m.ent, the sam.ple was ground under the acid m.ixture with 25 to 30 
gm.. of acid-washed sand, then transferred to 50-ml. centrifuge tubes. 
After centrifugation, the clear, supernatant liquid was poured off 
and the rem.aming m.aterial was again ground and centrifuged. This 
process was repeated a third time, the extracts were com.bined, and 
the volume was m.ade up to 250 ml. with the acid m.ixture. Two 
10-ml. aliquots of the well-mixed solution were titrated with a 
standardized solution of the dye 2, 6 dichlorophenolindophenol, 
which was added from, a m.icroburette. The dye solution, containing 
60 m.g. per 100 mi., was standardized daily against a solution of 
ascorbic acid containing 0.1 gm,. Cebione (Merck) in 250 ml. of 3 
percent HPO3. The ascorbic acid solution was titrated against 
a 0.01 N iodme solution which was standardized against a 0.01 
N AS2O3 solution. One milliliter of 0.01 N iodine is equivalent 
to 0.88 mg. of ascorbic acid. 

At the other laboratories, the procedure was as follows: The sample 
was finely ground under the acid mixture with 5 gm. of acid-washed 
sand. The mixture was transferred quantitatively to a 250-ml. 
volumetric flask and the volume was made up to 250 ml, with the acid 
mixture. Two portions of the well-mixed liquid were centrifuged for 
1 minute, at 1,800 r. p. m. and a 5-ml. aliquot of the supernatant 
liquid from each portion was placed in a 125-mL Erlenmeyer flask 
and titrated with the indophenol solution which was added from a 
microburette. 

The indophenol solution was made up in Sorensen’s solution, pH 
7.0; 50 mg. of dye was used in 200 ml. of solution. At Norfolk and 
Blacksburg, the dye was standardized by the method used at Experi- 
ment except that the iodine solution was standardized against a stand- 
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ard solution of sodium thiosulfate. At Stillwater, a simplified method 
of standardization developed by Menaker and Guerrant {17) was used. 
In this method, an excess of potassium iodide is added to a measured 
volume of the indophenol solution in the presence of acid and the 
liberated iodine is titjated with a 0.01 N sodium thiosulfate solution, 
1 ml. of which is equivalent to 0.88 mg. of pure ascorbic acid. 

Analysis of variance of the data from each experiment was made 
in the usual manner. The effect of each fertilizer treatment was 




— - MAXIMUM DAILY TEMPERATURE MINIMUM DAILY TEMPERATURE 

-HttHttW DATES OF COLLECTING SAMPLES i RAINFALL 

Figuke L- — Maximum and minimum daily temperatures, distribution of rainfall, 
and dates of planting and collecting turnip greens of the Seven Top variety for 
ascorbic acid determinations at Norfolk, Va., 1939 (yi); Stillwater, Okla., 1940 
(jB); Blacksburg, Va., 1940 (C) and Experiment, Ga., 1940 (D). 

deterrnined by the method devised by Yates {34) for the analysis of 
factorial experiments. Chi-square tests showed the four experiments 
sufficiently homogeneous in error variances for satisfactory com- 
bination, 

EXPERIMENTAL RESULTS 

Data pertaining to the type and composition of the soil and mete- 
orological conditions at each location during the growing season are 
presented in table 1. The dates of planting and collecting samples 
for analysis, maximum and minimum daily temperatures, and Ae 
distribution of rainfall during the growing season are shown graphically 
for each location in figure 1. 

The average maximum temperatures at the four locations (table 1) 
ranged from 77.7° F. at Norfolk and Blacksburg to 83.7° at Still- 
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water, and the average minimum temperatures ranged from 54.2® at 
Blacksburg to 62.9® at Norfolk. Differences between the maximum 
and minimum daily temperatures (fig. 1) were smaller at Norfolk than 
at the other locations. The average daily rainfall (table 1) ranged 
from 0.06 inch at Experiment to 0.21 inch at Blacksburg. Distribu- 
tion of rainfall (fig. 1) during the growing season varied considerably 
at the different locations. At Norfolk, 7.2 inches of rain fell during the 
first 13 days of the first one-third of the growing season; 2.43 inches in 
the second one-third; and 4.33 inches in the final period. The rains 
at Blacksburg were well scattered throughout the season, but the 
precipitation was highest during the second one-third of the period, 
when 6.17 inches of rain fell. At Stillwater, the rainfall was 1.26, 
0.54, and 3.61 inches for the first, second, and final periods of the grow- 
ing season, respectively. At Experiment, the rainfall was light and 
most of it fell during the first one- third of the season. 

The results obtained in the 4 experiments are given in table 2, both 
separately and in combination. In each experiment, the average 
value given for the ascorbic acid content of greens receiving a given 
treatment is an average of the values obtained for all samples which 
received this treatment in the 2 replicates; in the experiment at 
Norfolk, this value is an average of the ascorbic acid content of 12 
samples, 6 samples having been taken from a given treatment in each 
replicate; in the other 3 experiments,* the value is an average of 16 
samples. 



Table l,~Type and composition of soils on which turnip greens {Seven Top) were produced^ and meteorological data recorded during the growing 

season, at Norfolk and Blacksburg, Va.; Stillwater, Okla.; and Experiment, Ga. 
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Table 2, — The ascorbic acid content of turnip greens (Seven Top) grown in factorial desigii of 16 duphcate fertthzer treatments at 4 locations, 
and the effects ^ of the treatments at each location and for the 4 locations combined 
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The average effect of each fertilizer treatment was calculated for 
each experiment and these effects are shown in table 2. The method 
of calculation is shown in table 3. In all cases these effects make use 
of more of the data than do the averages compiled from the treatment 
alone; for example, in each experiment only 2 rows received nitrogen, 
but the effect of nitrogen in the experiment is calculated on the basis 
of 16 rows, since half of the 32 rows in the 2 replicates received nitrogen 
and half did not. At Norfolk, each effect was calculated from the 
ascorbic acid content of 96 samples; at the other locations, from the 
results of the analyses of 128 samples. The significance of these 
results was determined and significant effects are designated in the 
table. 

As may be seen from an inspection of table 2, five of the fertilizer 
treatments gave significant effects at one or more places; these were 
the simple fertilizers, N, P, and K and the combinations NP and NCa. 
The largest number of significant effects in one experiment was 
observed at Blacksburg, where four treatments significantly affected 
the ascorbic acid content of the greens. Two treatments gave 
significant effects at Experiment, two at Stillwater, and one at Norfolk. 

Treatment with nitrogen fertilizer gave the most interesting results ; 
at Blacksburg and Norfolk, nitrogen produced an increase in ascorbic 
acid content (^significant at Blacksburg), but at Stillwater and Experi- 
ment, the application of nitrogen resulted in significant decreases in 
this vitamin. The decrease was significant for the combination of 
the four places, and the interaction of N treatment X places was 
highly significant. 

Table 3. — Main effects and ineractions in a /{.ff actor experiment 


Combination of treatments 
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The effect of potassium in the fertilizer was to decrease the ascorbic 
acid in each of the four experiments. This decrease was significant 
in three places and for the combination of all places. The average 
decrease effected in ascorbic acid content was 8.2 mg. per 100 gm. 
of fresh material for 480 samples which were treated with fertilizer 
containing potassium, as contrasted with the same number of samples 
not fertilized with potassium. There was also a significant inter- 
action between places and the treatment effect of potassium; this 
indicates that there was a much greater decrease due to potassium 
applications at Experiment than at any of the othei' three places. 
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Phosphorus gave a significant effect only at Blacksburg, where it 
increased the ascorbic acid content. ^ At the other three places the 
effects were negative but not significantly so. The effect for P 
treatment X places was highly significant. Calcium was associated 
with an increase in ascorbic acid content in three places and with a 
decrease in one place, but none of the effects were significant. The 
interaction of Ca treatment X places was not significant. 

The combination of NP gave a highly significant increase at Blacks 
burg, a nonsignificant increase at Stillwater, and nonsignificant 
decreases at the other two places. The interaction of NP treatment 
X places was highly significant. The combination of NK gave non- 
significant increases at two places and nonsignificant decreases at 
two places. The effect for the combination of four places was not 
significant. NCa gave decreases at four places, significant at one 
place, and the decrease for the combination of four places was 
significant. 

The most striking observation to be m.ade from the four experiments 
is that at Norfolk, where the maxim.um vitamin form.ation was ob- 
tain ed, the mean ascorbic acid content of the greens (2.4103 m.g. per 
gm.) was nearly twice as great as that of greens grown at Blacksburg, 
where the mean ascorbic acid content (1.2842 m.g. per gm.) was the 
lowest observed in the experiments. The mean ascorbic acid content 
of the greens produced at Experiment and Stillwater was 1.9065 and 
1.5785 mg. per gm.., respectively. The influence of places was 13.75 
times as great as the m.ost im.portant average effect, i. e., the effect 
for potassium., but when compared to the effect of potassium at 
Experiment, place difference was only five tim.es as great. 

DISCUSSION 

Several earlier investigators (7d, 2U ^5, S^, SS) found no 

changes in the ascorbic acid content of various plants as a result of 
fertilizer treatment. A few workers have reported that certain ferti- 
lizer ingredients altered the ascorbic acid content of some plants. 
None of these investigators, however, worked with turnip greens. 
The significant decreases in ascorbic acid produced by nitrogen in the 
fertilizer at two places and the significant decrease obtained by 
combining the results from all four places are directly opposed to the 
findings of a number of other workers who found nitrogen to increase 
the ascorbic acid content of many plants (5, 6^ 10, 11, IS, 19). The 
highly significant interaction of N treatm.ent X places in the present 
experiments suggests one reason for the lack of agreement; i. e., the 
effect of place is m.ore important than the effect of fertilizer. 

The m.ost consistent effect obtamed in the four experiments was the 
decrease in the ascorbic acid content of greens which received potas- 
sium, fertilizer. The opposite effect was observed by Hester (7), 
Ijdo {10), and others {11, 22) ', Isgur and Fellers {13) and Fellers et al. 
(jf) found no change in the ascorftc acid of plants as a result of potas- 
sium. fertiliziation. 

The highly significant interaction of potassium effect X places, 
although all places showed a decrease in ascorbic acid content, indi- 
cates tlxat potassium, reduced the ascorbic acid content more sharply 
in one location than in another. The greatest reduction was found 
at Experim.ent, Ga. 



384 


Journal oj Agricultural Research 


Vol. 66, No. 10 


The effect of phosphorus in the fertilizer was not significant for the 
combination of the four places. This confirms the results of previous 
studies (iO, IS) with spinach and Swiss chard. Ott {19)^ howeverj 
increased the amount of this vitamin in potatoes by applying nitrogen 
and phosphorus, and Pfiitzer and Pfaff {22) increased it in vegetables 
by the addition of phosphate to a phosphorus-deficient soil. The 
ineffectiveness of calcium in the fertilizer in significantly modifying 
the ascorbic acid content of the greens in the present experim.ents con- 
firms the results obtained by Ijdo {10) with spinach. 

NCa was the only fertilizer com.bination to give an effect significant 
for the com.bination of the four places. Several investigators (5, 

28, SI) have found that the ascorbic acid of different vegetables 
was increased by the application of the fertilizer com.binations NPK 
or NPKCa, but the effects of these com.binations in the present experi- 
ments were not significant. Ott {20) found that tom.atoes grown with- 
out fertilization contained m.ore vitam.in C than those fertilized with 
NPK. 

The results show that under the conditions imposed in these experi- 
ments, fertilizer treatment significantly affected the ascorbic acid 
content of turnip greens, but that the effect of place was m.ore 
im.portant than the greatest effect obtained with any fertilizer. 
Factors contributing to the effect of place are the type and com.posi- 
tion of the soil and m.eteorological conditions durn).g the growing 
season. Different types of soil were used at the four locations (table 
1), but the results of the soil analyses (table 1) do not reveal very 
m.arked differences in soil com.position. It is possible that trace 
elements in the soil exert an effect on ascorbic acid formation; Hester 
{8), for exam.ple, indicated that the am.ount of m.anganese in the soil is 
an im.portant factor affecting the ascorbic acid content of plants. 
From the results obtained, no conclusions m.ay be drawn as to the 
relationship between either soil com.position or tem.perature and the 
ascorbic acid content of turnip greens. 

The fact that the greens which had the highest ascorbic acid content 
were grown in the fall suggests a seasonal variation in the ascorbic acid 
content of turnip greens. No conclusion may be drawn from this 
fact, but the observation is made in view of the results obtained by 
Tressler, Mack, and King {SO), who found that spinach produced at 
two locations in the fall contained one-third more ascorbic acid than 
spinach grown in the spring at the same locations. Because of the 
seasonal effect observed by these investigators, the three spring crops 
are compared; of these, the crop having the highest ascorbic acid 
content (1.9065 mg. per gm.) was grown at Experiment, where the 
average daily rainfall was lower than at any of the other three places, 
and 49 percent of the days were clear. At Blacksburg, where the 
greens had the lowest average ascorbic acid content (1.2842 mg. per 
gm.), the average daily rainfall was greatest and only 27 percent of the 
days of the growing season were clear. These results indicate an 
inverse relationship between the amount of rainfall and ascorbic acid 
content of the greens and a direct relationship between the amount of 
sunshine and the formation of ascorbic acid. Several investigators 
{14, 15, 18) time shown that the ascorbic acid content of plants is 
directly influenced by light intensity. Experiments are in progress 
to investigate further the effect of season and other environmental 
factors on the ascorbic acid content of turnip greens. 
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SUMMARY AND CONCLUSIONS 

Experiments were conducted at Norfolk and Blacksburg, Va., 
Stillwater, Okla., and Experiment, Ga., to determine the effects of 
fertilizer treatment and environmental conditions on the ascorbic acid 
content of turnip greens. A factorial design was used for applica- 
tions of N, P, K, and Ca in all possible combinations at a high, and 
low level for each, nutrient. 

Uniform methods of planting and fertilizing were used with seed of 
the variety Seven Top from a single source. Meteorological data 
were recorded for each experiment and soil samples from each area 
were analyzed for calcium, magnesium, nitrate nitrogen, phosphorus, 
organic matter, total exchange capacity, exchangeable calcium, and 
pH values. Chemical methods were used for the determination of 
ascorbic acid. The results of the experiments were analyzed sta- 
tistically, both separately and in combination, and are discussed in 
terms of the calculated effects of the fertilizer treatments. 

Three of the single fertilizer treatments, N, P, and K, and two of 
the fertilizer combinations gave significant effects at one or more 
places. Nitrogen fertilizer gave increases in ascorbic acid at two 
places (significant at one place) and significant decreases at two places. 
The decrease for the four places combined was significant. The inter- 
action of N treatment X places was highly significant. 

The most consistent results were obtained with potassium fertilizer, 
which produced a decrease in ascorbic acid in each experiment; the 
decreases were significant at three places and highly significant for 
the combination of places. Many investigators working with other 
plants have found the application of potassium fertilizers to increase 
the ascorbic acid content. 

Phosphorus gave a significant increase at one place and nonsig- 
nificant decreases at three places. The effect for P treatment X 
places was highly significant. Calcium produced no significant effects 
and the interaction of Ca treatment X places was not significant. 

The combination of NP gave a highly significant increase at one 
place and the interaction of NP treatment X places was highly sig- 
nificant. NK gave nonsignificant increases at two places, and 
nonsignificant decreases at two places. The effect was not significant 
for the combination of places, NCa gave decreases at all places, 
significant at one place, and the decrease was significant for the com- 
bination of four places. 

Wide variations were obtained in the ascorbic acid content of greens 
produced at the four places; the mean ascorbic acid content of greens 
at Norfolk (2.4103 mg. per gm.) was nearly twice that of greens at 
Blacksburg (1.2842 mg. per gm.). In the four experiments, the in- 
fluence of place was 13.75 times as great as the most important average 
effect produced by fertilizer treatment. These variations did not 
appear to be directly related to differences in soil composition or to 
differences in temperature. Fertilizers represent at most only a small 
part of the total environment of a plant; consequently it could not be 
expected that controlled applications of fertilizer would have as much 
effect as the total environment involving differences in soil and 
weather. 

Influence of season is suggested by the fact that the one fall crop 
had the highest ascorbic acid content, but this result is confounded 
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with the effect of place so that no definite conclusion may be reached. 
The highest ascorbic acid content of the three spring crops (1.9065 
mg. per gm.) was found in greens which were produced at the place 
having the lowest average daily rainfall and where 49 percent of the 
days in the growing season were clear; the lowest ascorbic acid con- 
tent (1.2842 mg. per gm.), was found in greens which received the 
greatest average daily rainfall and the least amount of sunshine. 
These results seem to indicate that the formation of ascorbic acid 
may be influenced by light intensity and rainfall as well as by fer- 
tilizer applications. 

LITERATURE CITED 

(1) AssoriATioN OF Official Agricultural Chemists. 

1940. OFFICIAL AND TENTATIVE METHODS OF ANALYSIS . . . Ed. 5, 757 
pp., illus. Washington, D. C. 

(2) Bessey, 0. A., and King, C. G. 

1933. THE DISTRIBUTION OF VITAMIN C IN PLANT AND ANIlVIAL TISSUES, 

AND ITS DETERMINATION. JouF. Biol. Cheiii. 103: 687-698. 

(3) Burrell, R. C., Brown, H. D., and Ebright, V. R. 

1940. ASCORBIC ACID CONTENT OF CABBAGE AS INFLUENCED BY VARIETY, 
SEASON, AND SOIL FERTILITY. Food Res. 5: 247-252. 

(4) Fellers, C. R., Young, R. E., Isham, P. D., and Clague, J. A. 

1934. EFFECT OF FERTILIZATION, FREEZING, COOKING AND CANNING ON 

THE VITAMIN C AND A CONTENT OF ASPARAGUS. Amer. SoC. 

Hort. Sci. Proc. (sup. v., 1934) 31: 145-151, illus. 

(5) Hahn, F.-V., and Gorbing, J. 

1933. VITAMINSTUDIEN. SECHSTE REIHE. EINFLUSS DER DUNGUNG AUF 
DEN c-viTAMiNGEHALT VON SPINAT. Ztschr. f. Untersuch. der 
Lebensmitl. 65: [601]-616, illus. 

(6) Hausen, S. von. 

1933. ZUR KENNTNIS DER VITAMINBILDUNG IN PFLANZEN. [VITAMIN 
FORMATION IN PLANTS.] Acta Chem. Fennica (B) 6: 62. (Ab- 
stract in Chem. Abs. 28: 2388. 1934.) 

(7) Hester, J. B. 

1940. THE INFLUENCE OF POTASH UPON THE YIELD AND QUALITY OP TO- 

MATOES. Amer. Fert. 93 (11): [5]-8, 24, 26, illus. 

(8) 

1941. MANGANESE AND VITAMIN c. Scieiicc 93: 401. 

(9) Hoffman, I. C., Krauss, W. E., and Washburn, R. G. 

1938. THE EFFECT OF SOME VARIETAL, CULTURAL, HARVESTING, AND 
STORAGE CONDITIONS UPON THE CONTENT OP CERTAIN MINERAL 
SALTS AND VITAMINS IN TOMATO FRUITS. Ohio Agr. Expt. Sta. 

Ann. Rpt. 56 (Bui. 592): 66-67. 

(10) Lido, J. B. H. 

1936. THE INFLUENCE OP FERTILIZERS ON THE CAROTENE AND VITAMIN C 

CONTENT OP PLANTS. Biochem. Jour. 30: 2307-2312. 

(11) iLLfhviBv, V. P. [Illyuviev, V. P.], and Ulanova, M. N. 

1937. vitamin c content in berries and vegetables depending on 

VARIETY AND CULTIVATION. Bul. Appl. Bot., Genet., and Plant 
Breeding, Sup. 84, Vitamin Prob. 2: 95-107. [In Russian. 
English summary, p. 5, summaries section.] (Abstract in Chem. 
Abs. 33: 1405. 1939.) 

(12) Immer, F. R. 

1932. A STUDY OF SAMPLING TECHNIC WITH SUGAR BEETS. Jour. Agr. 

Res. 44: 633-647. 

(13) Isgur, B., and Fellers, C. R. 

1937. A PRELIMINARY STUDY OP THE RELATIONSHIP BETWEEN VITAMIN C 
CONTENT AND INCREASED GROWTH RESULTING PROM FERTILIZER 

APPLICATIONS. Amer; Soc. Agron. Jour. 29: 890-893. 

(14) Kohman, E. F., and Porter, D. R. 

1940, SOLAR RAYS AND VITAMIN c. Science 92: 561. 



May 15, 1943 


Ascorbic Acid Content oj Turnip Greens 


387 


(15) McIntosh, J. 

1938. SOME FACTORS AFFECTING THE VITAMIN C CONTENT OP TOMATOES 

AND RUTABAGAS. Maine Agr, Expt. Sta. Ann. Rpt. 1937-38. 
(Bui. 391): 320-321. 

(16) Mack, G. L., Tapley, W. T., and King, C. G. 

1939. vitamin c in vegetables, x. snap beans. Food Res. 4: 309- 

316. 


(17) Menaker, M. H., and Guerrant, N. B. 

1938. STANDARDIZATION OF 2,6-dichlorophenolindophenol: an im- 
proved method. Indus, and Engin. Chem., Analyt. Ed., 10: 
25-26, illus. 

(18) Mituda, H. 

1938. STUDIES ON vitamin c. 2. on the variations OF the vitamin c 
content in some fruits. Agr. Chem. Soc. Japan Jour. 14: 
1335-1340, illus. (Abstract in Nutr. Abs. and Rev. 8: 973. 
1939.) 

(19) Ott, M. 

1937. XiBER DEN GEHALT VON FELD- UND GARTENPRUCHTEN AN VITAMIN C 

UND CAROTIN BEI VERSCHIEDENER DtJNGUNG. AngeW. Chem. 50: 
75^77, illus. (Abstract in Nutr. Abs. and Rev. 7: 45. 1937.) 

(20) 

1938. pflanzenqualitat, volksernahrung und dungung. Forsch- 

ungsdienst 5: 546-552, illus. (Abstract in Nutr. Abs. and Rev. 
8:401. 1938.) 

(21) Pfaff, C., and Pfutzer, G. 

1937. XiBER den einfluss der ernahrung aup den carotin- und 

ASCORBINSAUREGEHALT VERSCHIEDENER GEMUSE- UND FUTTER- 

PFLANZEN. Angew. Chem. 50: 179-184. (Abstract in Chem. 
Abs. 31:3620. 1937.) 

(22) Pfutzer, G., and Pfaff, C. 

1938. ZUSAMMENHANGE ZWISCHEN MINERALSTOFPAUFNAHME UND VITA- 

MINGEHALTEN VON PFLANZEN [INTERDEPENDENCE OP MINERAL 
UPTAKE AND VITAMIN CONTENT OF PLANTS.] FortSChr. der 

Landw.- Chem. Forsch. 1937: 104-115, illus. (Abstract in 
Chem. Abs. 33: 3954. 1939.) 

(23) SCHEUNERT, A. 

1938. iiBER ERNAHRUNGSVERSUCHE MIT VERSCHIEDEN GEDUNGTEN GEMU- 
SEN. XiBER DEN VITAMINGEHALT VON GEMUSEN, WELCHE EINER- 
SEITS MIT STALLDUNG, ANDERSEITS MIT STALLDUNG + NPK GEDtiNGT 
WURDEN. [nutrition INVESTIGATIONS WITH VARIOUS FERTI- 
LIZED VEGETABLES. THE VITAMIN CONTENT OP VEGETABLES 
FERTILIZED WITH MANURE AND WITH MANURE PLUS N, P AND K 

MIXTURE.] Ernahrung 3: 67-69. (Abstract in Chem. Abs. 32: 
3846. 1938.) 

(24) Rbschkb, J. 

1938. tiBER DEN VITAMIN C-GEHALT VON GEMtiSEN, WELGHE EINBRSEITS 
MIT STALLDUNG, ANDERERSEITS MIT STALLDUNG + NPK GEDUNGT 
WORDEN WAREN. Forschungsdienst 6: 34-48. 

(25) — Reschke, j., and Kohlemann, E. 

1940. tiBER DEN VITAMIN C-GEHALT DER KARTOPPELN. IV. MITTEILUNG: 

tiBER DEN EINFLUSS VERSCHIEDENER DUNGUNG. Biochem. 

Ztschr. 305: 1-3. 

(26) SCHOLLENBERGER, C. J. 

1927. A RAPID APPROXIMATE METHOD FOR DETERMINING SOIL ORGANIC 
MATTER. Soil Sci. 24: 65-68, illus. 

,(27) — ■ 


1931. DETERMINATION OF SOIL ORGANIC MATTER. Soil Sci. 31: 483-486. 

(28) SUGAWARA, T. 

1938. INFLUENCE OF FERTILIZERS ON THE ASCORBIC ACID (VITAMIN c) 
CONTENT OP SPINACH. Jour. Sci. Soll and Manure, Japan 12: 
567-576. (Abstract in Chem. Abs. 33: 1077. 1939.) 

(29) Thornton, N. C. 

1938. EXTRACTION AND DETERMINATION OP VITAMIN C IN PLANT TISSUE. 

Boyce Thompson Inst. Contrib. 9: 273-281. 

(30) Tressler, D. K., Mack, G. L., and King, C. G. 

1936. VITAMIN G content OF VEGETABLES. I. SPINACH. Food ReS. I: 


3-7. 



388 


Journal of Agricultural Research 


VoL 66, No. 10 


(31) Vogel, F. 

1939. ERGEBNISSK DER ZWEIJAHRIGEN GBMEINSCHAFTSARBEITEN tJBER 
DEN EINPLTJSB DER DUNGUNG AUF ERTRAG UND GUTE VON WBISS- 

KOHL. Bodenk. u. Pflanzenernahr. 15: 134”-139. 

(32) Wachholder, K., and Nbhring, K. 

1938. tiBER DEN vitamin C-GBHALT VBRSCHIEDENER KARTOFPELSORTEN 
UND SEINE ABHANGIGKEIT VON DER DUNGUNG. Bodenk, U. 

Pflanzenernahr. (n. s.) 9-10 : 708-724, illus. 

(33) Wendt, H., Pies, [R.], Prufer, J., and others. 

1938. tiBER ERNAHRUNGSVERSUCHB MIT VERSCHIEDEN GEDUNGTEN GE- 
MflSEN. Ernahrung 3: [53]-69. 

<3 4) Yates, F. 

1937. THE DESIGN AND ANALYSIS OP FACTORIAL EXPERIMENTS. Imp. 

Bur. Soil Sci. Tech. Gommun. 35, 95 pp. 


JOtmOFAmCCLTMALllESEARCe 

VoL. 66 Washington, D. C., June 1,1943 No. 11 


THE TEMPERATURE FACTOR IN FERTILIZATION AND 
GROWTH OF THE BARLEY OVULE' 

By Merritt N. Pope 

Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 

Agricultural Research Administration, United States Department of Agriculture 

INTRODUCTION 

Temperature has long been recognized as a factor that profoundly 
influences growth. Minimum, optimum, and maximum temperatures 
have been determined in many plants for different phases of growth 
and have been, found to differ for different species, for different organs 
in the same plant, and for different ages of the organ. Moreover, a 
definite variation occurs with the length of exposure. 

As early as 1861, Hofmeister {5) ^ had observed that in Crocus 
•vernus, under favorable conditions of warm m.oist air and bright sun- 
shine during the daylight hours, the pollen tube reached the micropyle 
in 24 hours, whereas in cooler, drier air its passage required 48 to 72 
hours. In Trijolium pratense, Martin (7) found that, during the high 
temperatures of July, division of the egg cell occurred 18 hours after 
pollination, whereas, in the much cooler October, the time required 
was 35 to 50 hours. Shibata (10) stated that he was able to lengthen 
the time between pollination and fertilization at will in Monotropa 
unifiora by lowering the temperature, and that almost com.plete sup- 
pression of fertilization occurred at 8° to 10^. He found that 
fertilization and early development proceeded as well at 28 as at 
“room temperature,^’ with endosperm division continuing up to 30"^. 
However, at 31° to 32° these processes were entirely suppressed. 

Smith and Cochran (11) found that tomato pollen germinated best 
with pollen tube growth at its maximum for 6 to. 12 hours at 85° F. 
(29.4° C.), after which the sample kept at 70° outstripped it. In 
studying the rate of pollen tube growth for the first 12 hours in 
Datura, Buchholz and Blakeslee (S) found that growth was 4K times 
as fast at the optimum (33.3° C.) as at 11.1° C. At 37°, the highest 
temperature used, a slight falling off in the rate was observed. 

In the cereals, the period of heading is critical. Unfavorable con- 
ditions at this time, such as hot winds, drought, or cold rainy weather, 
may be followed by lowered yields resulting from sterile florets or 
blasted spikes. The incidence of floret sterility in the Great -Plains 
during the years 19 10--12 led Salmon^ to conclude that high tem- 
peratures alone at or slightly before heading could result in sterile 
florets in normal-appearing spikes. Later, he (9) found that tem- 
peratures of 30° to 40° C. at flowering gave high sterility in wheat. 

1 Received for publication May 18, 1942. 

2 Italic numbers in parentheses refer to Literature Cited, p. 402. 

3 Data on Report of Cereal Investigations at the Bellefourche Experiment Farm, Newell, S. Dak., 1912, 
on file with the Division of Cereal Crops and Diseases, Bureau of Plant Industry, tJ. S, Department of 
Agriculture. 
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In rice, which is a warmer weather cereal, Konclo and Okamura {6) 
stated that 30° is optimum for the flowers. 

The present study was limited to a measurement of temperature 
effects on a few phases of growth in a single variety of barley during the 
first 6 days following pollination. 

MATERIAL AND METHODS 

In February 1940, spikes of Manchuria barley (C. I.‘^ 2330), a 
variety of Hordeum vulgare var. 'pallidum Ser. grow:ing in the green- 
house at the Arlington Experiment Farm, Arlington, Va., were pre- 
pared, emasculated, and bagged. They were allowed to remain on 
the plant 4 days at an average temperature of about 14° C.; at the 
end of this time the flowers were well opened, with stigmas spread 
wide. Their culms were cut off just below the third node from the 
spike. These culms, each havmg two foliage leaves and the basal half 
of the boot leaf, were distributed among five Erlenmeyer flasks with 
their cut ends in distilled water. One flask was placed in each of 
five chambers carried at 10°, 15°, 20°, 25°, and 30°, respectively, and 
allowed to approach temperature equilibrium for 50 to 60 minutes. 
The spil^es were then inserted into a paper cone and pollinated by 
dusting with heads of the same variety of barley bearing dehiscing 
anthers; they were then allowed to continue their growth, as earlier 
investigations {8) had shown that, in the barley embryo, the rate of 
growth for the first 11 days after pollination was practically the same 
in culms excised and placed in distilled water as in those left on the 
plant, when the two lots were kept side by side on the greenhouse 
bench. Pollinations were spaced 2 minutes apart so as to allow time 
to take the sample and move to the next chamber. Sampling was 
begun 20 minutes after pollination and continued at 10-minute inter- 
vals up to 90 miimtes, and thereafter at intervals of 4, 5, and 6 hours 
and 1, 2, 3, 4, 5, and 6 days after pollination. All samples, consisting 
for the most part of five ovules, were in the killing fluid within about 
1 minute of the interval indicated except on the fifth day, when the 
sampling was about 6 minutes late. 

Good control of temperature was obtained in all chambei'S except 
that for 30° C., a small tank open at the top, which varied between 
28° and 31° at sampling time. The chambers were dark except where 
light bulbs for heating were placed behind baffie boards. Eelative 
humidity was not recorded. The ovules seemed to develop normally 
in all the chambers. In general, basal and tip ovules were rejected 
but every spike in a chamber was represented in a single sample. 
Formalin acetic alcohol was used as a killing and fixing fluid because 
of its relatively low surface tension and rapid penetration. Fixation 
was fair, but not up to the standard desired for cytological work, as 
in many samples the contents of the embryo sac were in abnormal 
positions. 

The ovules were embedded in paraffin, cut sagittally 15/i thick, and 
stained, usually with Heidenhain^s iron-alum haematoxylin. The 
process was greatly shortened in many of the older samples by mor- 
danting briefly in iron alum and staining with 1/80 percent haema- 
toxylin until the cell walls were blue. 

I. refers to accession number of X>i vision of Cereal Orops and Diseases. 
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A study of the 1940 results showed that additional data were desir- 
able, so the experiment was repeated in 1941 for the temperatures 10° 
and 30° C., and samples run at 5°, 35°, 40°, and 45° were added. 
Extra samplings were made at ages shown or suspected to be critical. 
The 5°, 10°, and 30° chambers, located in constant-temperature rooms 
in the basement of the greenhouse, held their temperatures satisfac- 
torily, but those at 35°, 40°, and 45°, which were small tanks located 
in the greenhouse under glass and heated by light bulbs, varied more 
widely, the 35° and 40° tanks running 1° to 2° high. Excessively dry 
atmospheric conditions were guarded against by placing open pans of 
water in the 30°, 35°, 40°, and 45° chambers. 

Much better fixation was obtained in 1941 by pre-fixing in acetic 
alcohol and completing the process in Craf. Both years’ work will be 
considered together. Observations are based on about 1,000 ovules 
sectioned and stained. 

EXPERIMENTAL RESULTS 

Flower closing after pollination was fastev with increased tem- 
perature. In the first year’s experiments at 25° and 30° C., closure 
was complete in 1 day; in those at 15° and 20° the flowers were closed 
on the second day; and in those at 10°, on the fourth. After 6 days 
in the dark, the green color of the foliage had faded perceptibly at the 
higher temperatures. Alcoholic extracts of leaf tissue from homolo- 
gous selected culms at the five temperatures used in 1940 showed the 
10° samples to be the greenest. Using a Duboscq-type colorimeter 
and the 10° value as 100, the 15° sample had faded to 89.9, the 20° 
sample to 82.2, the 25° sample to 74.3, and the 30° sample to 72.9. 

GROWTH OF POLLEN TUBE 

Figure 1 shows the shortest time after pollination at which male 
nuclei were seen in the egg sac. At 5° the pollen tube grew very 
slowly, taking 140 minutes to reach the embryo sac, and the male 
nuclei had not made contact with the female nuclei at the end of 180 
minutes. The rate of growth increased rapidly with temperature up 
to a maximum at 30° and 35°, when but 20 minutes were required to 
reach the embryo sac. At 25° the earliest occurrence of male nuclei 
in the egg sac was seen in the 30-minute sample, but they were then 
in contact with the egg and polar nuclei. At 40° no male nuclei were 
visible in any of the 10 ovules sampled at 20 minutes, but out of 6 
ovules sampled at 30 minutes, 1 showed their presence. At this 
temperature, the egg and polar nuclei appeared abnormal in the first 
sample taken (10 minutes after pollination, or about 70 minutes’ 
exposure to 40°). Later samples showed progressive degeneration. 
The effect of heat on the 45° samples was still more marked, and no 
evidence was found of male nuclei reaching the embryo sac at that 
temperature. 

INCREASE IN NUMBER OF NUCLEI IN EMBRYO AND ENDOSPERM 

The fertilization process, as observed in the barley ovules, is in 
general as follows. The two male nuclei reach their objectives at 
very nearly the same time. The group of three nuclei (1 <F and 2 
9 polar nuclei) that is soon to produce the fusion nucleus then 
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migrates rather rapidly along strands of protoplasm until it takes a | 

position at the proximal end of the mass of antipodal cells near the I 

center of the embryo sac. Fusion and division into two daughter | 

endosperm nuclei without cell walls then occur. These migrate along I 



PERIOD AFTER POLLINATION (MINUTES) 

Figure 1. — Time from pollination required for male nuclei to enter the embryo 
sac of Manchuria barley when grown at constant temperatures. 


the protoplasm strand and divide again. As ovule growth proceeds 
these protoplasmic strands gradually become a sheet of protoplasm 
lining the embryo sac cavity and affording free living room for a 
number of generations of dividing nuclei. For several generations 
the endosperm nuclei divide almost simultaneously and increase in 
number exponentially or according to the compound-interest formula 



NUCLEI (NUMBER) 
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at 100 percent. The fertilized egg exhibits polarity from the first, 
division being much more frequent in the distal half. Unlike the 
developing endosperm, the embryo cells have cell walls. The rate of 
division in the young embryo is also according to the compound- 



Figure 3. — Increase in number of embryo cells in ovules of Manchuria barley 
growing at constant temperatures. 


interest formula, but because of its polarity, not at the 100-percent 
■rate. 

Endosperm and embryo nuclei at successive ages were counted under 
the microscope, but, since mitosis in the nucleus is a rapid process 
between two relatively long rest periods, the number of nuclei at any 
time may be double or but half the number that would have appeared 
had the sample been taken an hour or so later or earlier. The fact 
that nuclei were often divided by the m.icrotome knife made exactness 
of counting almost impossible in the later stages, but it is believed that 
the numbers shown are consistent and suflBciently accurate. 
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The counts have been plotted with successive powers of 2 used as 
ordinates, which would be the number of generations where iucrease 
in number of nuclei equals compound interest at 100 percent. In the 
endosperm, as shown in figure 2, nucleus increase was very slow at 5° 
C., reaching a maximum of less than 8 nuclei, or 3 generations, in 
6 days. At 10°, 9 generations occurred in 6 days in 1941, and in 
5 days m 1940. At 15°, there were 10 generations in 3 days; at 
20°, 8 generations in 2 days; and at 25°, 7 generations in 1 day. 
The increases at 30° C. for both years, and for 35° are practically 
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Figure 4. — Ovules of Manchuria barley grown at constant temperatures and 
harvested at daily intervals. 


I identical, or 8 generations at 1 day after pollination. No evidence of 

I endosperm division was found in the 40° and 45° samples. 

The curves of embryo cell increase (fig. 3) show a much slower 
growth than was shown in the case of the endosperm. There was no 
j division at 5° C. in 6 days, but rate of growth increased rapidly with 

temperature until at 35° there were 7 generations in 2 days. At 40°, 

, 2 yoxmg embyros were found, a 2-celled one at 1 day, which was 

1 dying, and 1 of about 46 cells, after 4 days' growth, which appeared to 

; be dead. No embryos were found at 45°. 

By way of comparison, germination tests were made of the Man- 
churia seed in Petri dishes in constant-temperature chambers. The 
sample kept at 15° C. germinated perfectly; 42 percent of the seed at 

J 35° germinated weakly ; and none germinated at 40°. 
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INCREASE IN LENGTH OF CARYOPSIS AND EMBRYO 

The effect of tempei'ature on kernel growth was very marked for 
6 days after pollination. A photograph made of the 1940 samples is 



GROWING PERIOD ( DAYS) 


Figure 5. — Sagittal sections of typical ovules of Manchuria barley and their 
embryos grown at constant temperatures and harvested at daily intervals. 
Ovules, X 3.9; embryos, X29, 

shown in figure 4. The average length of the ovules grown at 30"^ C. 
for 6 days was approximately 7.02 mm. 

The ovules shown there were sectioned sagittally and stained, and 
the median section of each was drawn with the aid of the camera lucida. 
Where the number of cells in the embryo exceeded 20, it too was drawn 
at a greater magnification. The lengths of these were determined 
and the ovules with their embryos most nearly approaching the average 
for each sample were taken as typical, and from them a chart was 
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constructed, as shown in figure 5, which should be useful in obtaining 
samples of definite stages. 

After the lengths of the caryopsis and embryo were obtained from 
the 1941 data, the averages of the samples were plotted for all the 
temperatures used. The cuiwe for caryopsis length (fig. 6) shows 



PERIOD AFTER POLLINATION (DAYS) 

Figure 6. — Increase in length of caryopsis in Manchuria barley growing at 

constant temperatures. 

very slight growth during 6 days at 5° and 10^ C., but rapidly increasing 
growth with successively higher temperatures to a maximum at 30°. 
Growth at 35° was about equal to that at 30° for 3 days, but dropped 
rapidly thereafter. Little or no growth occurred at 40° and 45°. 

. ■■ 528851-43-— 2 
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PERIOD AFTER POL LI N AT ION t DAYS ) 

Figure 7. — -Increase in length of embryo in Manchuria barley growing at con- 

•^tant temperatures. 
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In the embryo^ the first division had not taken place after 6 days 
at) 5° C. (fig. 7) . At 10° and 15°, growth was very slight. 

As in the caryopsis, the maximum length was attained at 30° and 
growth at 35° fell off after 3 days. No curves are shown for embryo 
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Fig. 8 .— Length attained in 6 days at different growing temperatures by the 
caryopsis and the embryo of Manchuria barley. 


growth at the two highest temperatures since fertilization was excep- 
tional at 40° and absent at 45°. 

Figure 8 compares the finally attained lengths of caryopsis and 
embryo at the various temperatures. 

Van’t Hoff's rule that velocity of a chemical reaction inhomogeneous 
systems is doubled or trebled with an increase in temperature of 
10°, C. has been found to apply to many vital processes at temperatures 
below the thermal death point. In table 1 are given the temperature 
coefficients calculated for the 10° intervals available, on the basis 
of increase with temperature in 6 days in number of generations of 
endosperm and of embryo nuclei, and in growth in length of ovule and 
embryo. 
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It is. seen that the endosperm divided 5.5 times as fast at 15° C. as 
at 5°, but both endosperm and embryo divisions showed good 
agreement with the rule in the next three intervals, while at 25° to 
35° the rate fell off greatly. On the other hand, growth in length of 
ovule and embryo showed only one close approximation; i. e., for the 
interval 15° to 25° in the ovule. 


Table 1. — Vari’t Hoff’s ieni’perature coefficient (QlO) for growth in Manchuria barley 


Temperature interval (°C.) j 

Number of Oenerations 

Length 

Endosperm 

Embryo 

Ovule 

Embryo 

5-15 

5.5 


8.3 


10-20 - 

2.4 

2.5 

4.7 

3. 6 

15-25 

2. 1 

2.5 

1.8 

7. 1 

20-30 - 

2.1 

2.2 

1.5 

5. 0 

25-35- ■ 

1.3 

1.4 

.8 i 

.6 


DISCUSSION 

The minimum temperature for growth in the pollen tube and ovule 
of barley was apparently not reached at 5° C. At this temperature, 
fertilization progressed normally, but with no divisions in the embryo 
at the end of 6 days. In the endosperm, two to three divisions had 
taken place and the ovule had made a slight growth in length. With 
increasingly higher temperatures, the growth rate was markedly ac- 
celerated until at 30° and 35° the pollen tubes had completed their 
growth and extruded the male nuclei into the egg sac within 20 
minutes after pollination. At both of these temperatures, growth of 
the ovule and embryo was at its maximum for the first 3 days. Since 
at this point the curves of the 35° samples suffered inflection, we may 
conclude that 30° is about the optimum tempei'ature for these organs 
for a 6-day period, while 35° is close to the maximum. A similar 
high rate suffering early inflection was observed by Famin (4) in the 
growth of roots and shoots of Pisum where an initial maximum rate 
found at 29° later fell off and was exceeded by that of seedlings grow- 
ing at 22°. Higher temperatures gave rates following much the same 
pattern until at 35° to 36° there was little or no growth. In the ex- 
periments of Kondo and Okamura (6) with rice, tillering was best at 
34.5° and length growth at 30° to 32°. The rate fell off progressively 
at 36°, 37.5°, and 39°, and temperatures of 43.5° and 48° were lethai. 

In the studies of barley reported herein, the thermal death point 
was reached at 40° C. Although the male nuclei were seen in one 
embyro sac killed 30 minutes after pollination and two very young 
embryos were present in later samples, no endosperm nuclei were 
found and no ovule appeared to be living after an estimated maximum 
development of 20 hours. After the spikes were given an hour’s con- 
ditioning exposure before pollination, Mx of the seven ovules in the 
40° sample taken 10 minutes after pollination showed abnormalities 
in the egg and polar nuclei. Progressive degeneration was evident in 
the egg sac of later sarnples. Although the flowers had been subjected 
to the mutilation ordinarily practiced in emasculation, and the un- 
naturally open interiors were exposed to the experimental temperature 




June 1 , 1943 Temperature Factor in Growth oj the Barley Ovule 401 


for a longer time than the pollen, the evidence suggests that sterility 
at high temperatures may be due as much to ovule injury as to pollen 
killing. 

From the counts of endosperm and embryo nuclei at each tem- 
perature during the first 6 days after pollination, it was found that 
there are approximately three divisions of the endosperm to one of 
the embryo. This striking difference in growth rate can hardly be 
explained on the basis of nutritional opportunity, since even under 
initially almost identical conditions the first division of the fertilized 
egg does not occur until there have been about three divisions in the 
endosperm, and during the whole time that the nuclei are countable 
the same ratio of division persists. Theoretically, all eight of the 
nuclei in the embryo sac are identical as are the two sperm nuclei ; 
hence, in a plant homozygous from a genetic standpoint, such as the 
normally self-pollinated barley, the two reproductive systems present 
in the sac differ only in the number of reduced sets of chromosomes. 
Brink and Cooper {2) found that in alfalfa the endosperm nuclei of 
cross-fertilized seeds increased significantly faster than those of self- 
fertilized seeds, while in the embryo there was little difference in the 
rate of growth following self- and cross-pollination. It is suggested 
that the normally more rapid growth of the endosperm is due to the 
stimulus derived from an extra chromosome set rather than from one 
different in character. 

B^lehrMek {!) stated that Van’t Hoff’s law may be applicable to 
a biological process when the temperatures are not too close or too 
far from the optimum and also that systematic variations of QlO 
with temperature are a constant and general feature, the value of 
the coefficient generally increasing rapidly at low temperatures. 
This increase is illustrated in the QlO value for endosperm growth 
between 5° and 15° C., as shown in table 1. 

SUMMARY 

The following observations were made on hand-pollinated Man- 
churia barley (Hordeum vulgar e var. pallidum Ser.; grown at constant 
temperatures for 6 days in the greenhouse. 

The most rapid pollen tube growth occurred at 30° and 35° C. 
where the male nuclei were present in the egg sac 20 minutes after 
pollination. At 5°, 140 minutes were required to reach this stage. 

In countable stages, nuclear divisions occurred about 3 times as 
often in the endosperm as in the embryo. It is suggested that an 
extra set of genes in the fusion nucleus may be a major factor in the 
rapid growth of the endosperm. 

The endosperm nuclei divided 2 or 3 times in 6 days at 5° C., 
and 8 times in 1 day at 30° and 35°. In the embryo there was no 
clivison in 6 days at 5°, and 7 divisions in 2 days at 30° and 35°, 

At 40° and 45° C., no endosperm divisions were found. 

Two young but dying or dead embryos were found at 40° C. No 
embryo divisions were found at 45°. 

Indications of injury to the egg and polar nuclei were present 
after exposure of 1 hour at 40° C. 

Blasting attributed to high temperatures may be due as much to 
ovule injury as to pollen killing. 
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Optimal growth of both endosperm and embryo lies in the neigh- 
borhood of 30® C. (86® F.). Growth is less rapid at 35®., and death 
occurs at 40®. 

Between 10® and 30® C., growth as measured by number of gener- 
ations in endosperm and embryo conformed to Van’t Hoff’s rule on 
the relation of velocity of reaction to temperature. 
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MECHANICAL DETERMINATION OF THE JUICINESS 

OF MEAT' 


By Bernard Tannor, junior Nancy Griswold Clark, formerly junior 

home economics specialist, and 0 . G. Hankins, senior animal hushandman. 
Bureau of Animal Industry, Agricultural Research Administration, United States 
Department of Agriculture^ 

INTRODUCTION 

Flavor, juiciness, and tenderness are the most important of the 
factors that affect the palatability of meat. Adequate mechanical 
methods are available for determining tenderness, but the customary 
means of testing for flavor and juiciness is to submit samples of the 
meat to a group of judges for their opinion. The judges taste the 
small portions of meat and individually grade them in accordance 
with their own standards. Usually a chart is used as a guide to 
judgment and for recording opinions. The average of the opinions of 
the persons constituting the group has generally been accepted as 
the best measure of the factor under consideration. 

It has long been recognized that this method has serious limita- 
tions. Individuals differ in their standards for evaluating the palata- 
bility factors and, in fact, the standard of the individual varies from 
time to time. Experience shows that few judges are able to dis- 
criminate well within narrow limits and that there is often a tendency 
to avoid extremes and to follow, more or less subconsciously, what 
seems to be a safe policy, that of giving intermediate grades or scores. 
Perhaps one of the greatest obstacles to accurate grading of any one 
factor of palatability is the influence of the other factors. For ex- 
ample, it is believed that a high degree of flavor and tenderness in a 
sample of meat would influence many judges to assign a higher grade 
for juiciness than would otherwise be the case. Possibly also the 
saliva of the judge would influence his decision, for its flow is known 
to be variable, depending on other factors of palatability, especially 
flavor, and on the physical condition and mental attitude of the 
judge. It seems logical to conclude that the diluting action of the 
saliva would influence the opinion of the judge with respect to juiciness. 

In recent years there has been an increasing realization of the need 
for mechanical or chemical methods for measuring the palatability 
factors of meat, to replace, or at least to supplement, tests based on 
the opinions of judges. The principal developments in technique for 
measuring palatability factors have been those relating to tenderness. 
The juiciness factor is more complex, and efforts to develop a labora- 

1 Received for publication August 17, 1942. This study was conducted as part of the National Project 
Cooperative Meat Investigations. The early stages of the research leading to the development of this 
method were conducted as part of a cooperative project with the. Bureau of Home Economics of the XT. S. 
Department of Agriculture. 

2 The authors acknowledge their indebtedness to Edna V. Steely, of the Bureau, for statistical assistance. 
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tory teclmique for measuring this characteristic have not progressed 
so rapidly. 

REVIEW OF LITERATURE 

Several methods of determining the juice content of meat have 
been proposed. All involve the principle of pressure but differ in, 
the design of the apparatus and in the mode of sampling. The early 
work relating to expressible juice was done on raw meat exclusively 
and involved no quantitative considerations with respect to compari- 
sons of different samples. In 1905, Grindley and Einmett (8) re- 
ported that they had obtained about 34 percent of the juice from raw 
beef by grinding and then pressing the meat in a compound screw 
press. In 1908, Bigelow and Cook (f) cut small pieces of beef round 
and chuck and pressed them through cotton bags in a glycerin cylinder 
press. Iir 1912, Botazzi, as reported by Child and Fogarty (4), ob- 
tained 40 and 63 percent of fluid from smooth and striated muscle, 
respectively, by first grinding the raw ox muscle with diatomaceous 
powder and then applying pressure of 350 atmospheres. 

As far as the authors are aware, the first mechanical method de- 
veloped for the study of juiciness of cooked meat was reported in 
1934 by Child and Baldelli {2) of the Minnesota Agricultural Experi- 
ment Station. By means of an apparatus, called a pressometer, they 
subjected 2- to 3-gm. samples of meat, wrapped in unsized filter cloth, 
to a pressure of 250 pounds. The loss in weight of the . samples they 
regarded as indicative of the quantity of juice originally present. 
The juice absorbed in the cloth was used for chemical analysis. Em- 
ploying this method over a period of time, Child and her coworkers 
conducted studies on the effects of temperature of cooking {2)^ freezing 
(d, 10), type of beef roast (standing rib as compared with rolled rib 
roast) (8), and location of sample (5), on the expressible juice content 
of the meat. Modification of the method involving the use of different 
pressures in the pressometer was also studied {2), 

In addition to the pressometer employed at the Minnesota station, 
a well-known make of hydraulic laboratory press has been used in 
several institutions. With this apparatus Hall and others at the 
Kansas Agricultural Experiment Station obtained juice from raw as 
well as cooked meat by stratifying alternate layers of ground meat 
and filter paper in the test cylinder.^ From 18 to 25 percent of juice 
was expressed from cooked beef, but no significant correlation was 
found between the proportions of juice pressed from the raw and 
cooked lean tissues or between either of them and the judgments of 
a palatability committee as to the juiciness of the samples. 

Noble and coworkers {9) applied 3,800 pounds of pressure per 
square inch to pieces of cooked longissimus dorsi and to a composite 
of certain muscles of the round of beef, which had previously been 
used for penetrometer readings, and obtained 15 percent of juice. 
With their method they studied not only different cuts but also 
samples cooked to different internal temperatures. 

Utilizing the hydraulic laboratory press just referred to, one of 
the present authors ® conducted a large number of experiments {11, 

3 Italic numbers in parentheses refer to Literature Cited, p. 412. 

Mimeographed report of the Kansas Agricultural Experiment Station to the Conference on Cooperative 
Meat Investigations, representing the United States Department of Agriculture and State agricultural 
experiment stations, 1934, p. 12. 

s Nancy Griswold Clark, with the technical assistance of Virginia Weatherby, of the Bureau of Home 
Economics. 
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jjp. 9-10)^ some of which are impublishedy to determine the optimum 
conditions for obtaining maximum expressible juice with minimum 
loss in the apparatus. Different materials, including asbestos wool, 
felt mats, filter paper, shot, sponge rubber and flat rubber mats, air- 
plane cloth, and bolting silk, were placed with the meat in the cylinder 
as an aid in separating the juice from the muscle tissue. Different 
periods of time of applied pressure and different temperatures of both 
meat and apparatus were also studied. The procedure finally de- 
veloped consisted in grinding hot cooked meat, wrapping a 50-gm. 
aliquot in an 18-inch square of bolting silk, placing the sample be- 
tween two thin rubber pads in the cylinder, and pressing at a total 
of 10,000 pounds for 5 minutes. Some study was also made of the 
relation of the juice expressed in this way to the scores of a palat- 
ability committee, but a significant correlation was not found. 

From this review of the literature it is apparent that the juice of 
meat has been obtained by pressure and has been analyzed physically 
and chemically, but there is no indication that any of the methods 
replaces the judging of samples for juiciness by a palatability com- 
mittee. It is the purpose of this paper to present a mechanical 
method for determining the juice content, or juiciness, of meat, that 
is believed to possess certain advantages over the technique now 
available for measuring this factor. 

It was the opinion of the authors that in the mechanical method 
the technique of testing and the conditions under which it takes place 
should not only yield consistent results but should also be easy to 
duplicate. In view of the fact that the investigator may wish to 
study the closely related factor of character of juice, all the extracted 
juice should be so collected as to be available for examination. The 
method should measure the same characteristics as are measured bv 
human judges, but the results should be more dependable. The 
proposed method, which was developed by the authors at the United 
States Department of Agriculture, Beltsville Research Center, Belts- 
ville, Md., is described in this paper. 

DESCRIPTION OF PROPOSED METHOD 

APPARATUS 

Figure 1 shows the hydraulic laboratory press used in the proposed 
method for determining the juiciness of meat. This instrument is of 
standard make, equipped with electrically heated plates, and capable 
of producing up to 20,000 poimds of pressure. The steel test cylinder 
is 2K inches in internal diameter and 3 inches in depth. A cross sec- 
tion of the cylinder showing the working mechanism is given in figure 
2. In the meat laboratory of the Bureau of Animal Industry a Bab- 
cock milk-testing bottle is used as the receiver. By the use of this 
bottle the estimation, if desired, of the fat content of the juice by a 
modified Babcock technique is facilitated. 

The following modifications of the test cylinder, as purchased, were 
found to be necessary : (1 ) Filling with solder the two grooves in the 
bottom of the cylinder; (2) fitting the base piece with a removable 
steel tube (figs. 1 and 2) 7K inches long and inch in outside diameter ; 
and (3) adding a support for the base, this support being a steel disk 
2K inches in diameter and I inch thick. ^ Other necessary apparatus 
are a disk of packing rubber 2^6 inches in diameter and mch thick 
and a disk of surgeon^s gauze 2K inches in diameter. 




SAMPLING 


After tlie roast is removed from the oven, it is allowed to remain at 
room temperature for 10 to 15 minutes. Samples are then taken as 
follows: 

In beef, the muscle to be tested is dissected from the rest of the 
meat and cut perpendicular to the fibers midway between the ends. 
On each half of the muscle another cut is made parallel to and 1 inch 
from the cut surface. From each of the two resulting slices a cylin- 
drical section of meat is taken perpendicular to, and from the center 
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Figueb 1.— Hydraulic press used in the determination of the expressible juice 

content of meat. 


of, the cut surface with a metal borer havhig an inside diameter of 
inches. These two cylinders of meat are the samples, in duplicate. 
Each weighs about 36 gm. Both may be pressed, or one may be 
fyressed and the other sliced for judging by a committee for compara- 
tive purposes. 

procedure is the same as for beef, but owing to the 
smaller size of the muscles the inside diameter of the borer is 1 inch 
and the length of the sample is 2 inches. The weight is approxi- 
mately 23 gm. 
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In leg of lamb, a cut is made through the popliteal gland as in the 
standard method of slicing for judging. Another cut is made parallel 
to this and three-fourth inch toward the pelvic bone, and the slice 
is then removed from the leg. With the 1-inch borer three pieces 
are taken from the semimembranosus muscle at positions of uniform 
distribution in this slice and used as one sample. This sample weighs 
about 23 gm. The part of the semimembranosus muscle remaining 
attached to the pelvic bone may be used for committee judging. In 
the rib and loin of lamb, owing to the small diameter of the muscle, 
the borer cannot be used. The entire muscle is dissected, trimmed of 
fat and connective tissue, cut through the center, and a slice 1 inch 



Figure 2. — Test-cylinder apparatus in cross section, showing a, cylinder; 6, 
plunger; c, rubber disk; d, meat sample; e, gauze disk; f, base; g, support; 
h, suction tube; i, rubber stopper; collecting tube; k, receiver. 

thick from each half is taken, one being used for pressing and the 
other for committee judging. 

All samples, as soon as taken, are placed in aluminum moisture 
dishes and kept in an electric oven at 45° to 50° C. until ready for 
the press. 

PRESSING 

The hot plates and test-cylinder apparatus are heated to a tempera- 
ture of 50° C. for the test. The cylinder is placed on the base and 
the gauze disk inserted (fig. 2). The sample of meat is placed in the 
cylinder, the rubber disk tucked in over it, and the plunger inserted. 
The receiver is connected to the tube and the assembled outfit placed 
in the press on top of the metal disk in order to clear the tube (fig. 2). 
The connection of the receiver to the source of suction is by means of a 
tube. The suction is turned on just enough to prevent the leakage 
of juice around the base of the cylinder. Pressure is applied very 
slowly, i ' 
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Juice flows profusely into the receiver until the gage registers about 
2,500 pounds. From this point on the pressure is so increased that 
the juice trickles out at the rate of 1 drop every 2 or 3 seconds, until 
a pressure of 9,800 pounds is reached. The suction is increased 
slightly and the pressure maintained at 9,800 pounds (approximately 
2,500 pounds per square inch of cylinder area) for 5 minutes. 
Then the pressure is released and the press cake removed from the 
cylinder. The loss in weight of the sample is taken as the weight of 
expressed juice. 

ACCURACY OP METHOD 

In the development of this method, use was made of numerous 
pairs of samples that were believed to be as nearly alike in juice con- 
tent as could be obtained. These samples were taken, for example, 
from the same muscle or the corresponding muscles from the left 
and right sides of the carcass. As evidence of the small error involved 
in the method, part of which undoubtedly is due to sampling, there 
are given in tables 1 and 2 data from paired four-vertebrae roasted 
pork-loin samples from 18 animals. In table 1, differences between 
paired adjacent samples ranged from 0 to 9.9 percent and averaged 
2,4 percent. In the paired samples from the left and right sides of 
carcasses (table 2) the differences ranged from 0.1 to 9.6 percent and 
averaged 2.9 percent. According to the t test of Fisher (7), neither 
the difference between means in table 1 nor that in table 2 is significant. 

In table 1, only two of the differences between adjacent samples 
exceed 5 percent, whereas in table 2, involving samples from left- and 
right-side cuts, there are eight such differences. This situation seems 
logical since it is more probable that adjacent samples of meat from 
the same muscle will be in the same physical condition than samples 
of corresponding muscles from the left and right sides of the carcass. 
Any variation in heat penetration, for example, would be a less 
disturbing influence in the former. 

Table 1, — Expressible juice content of adjacent roasted pork-loin sam.ples tested by 

the proposed method 


Sample pair 
No. 


Juice content of— 


Difference 
in juice 
content 
between 


Sample pair 
No. 


Juice content of— 


Difference 
in juice 
content 
between 


Sample a 


Sample b 


samples 


Sample a 


Sample, ft 


samples 


1 -. 

2,. 

3 .. 

4 .. 

5.. 

6 .. . 

7 .. 

8 .. 
9 .. 
10 . 
11 . 
12 . 

13 . 

14 . 

15 . 

16 . 

17 . 

18 . 


Percent 

30.9 

29.6 

30.2 

33.6 

37.5 
36.8 

32.0 
32.4 

30.0 

37.0 

40. 0 

38.2 

36.7 

34.2 

39.2 

39.3 

39.6 

33.0 


Percent . 

28.5 

26.3 

28.7 

32.0 

37.6 

33.8 

32.8 

31.3 

33.6 

36.9 

37.9 
39.2 

33.8 

33.7 

39.6 

38.9 

37. 7 

28.1 


Percent 


2.4 

19 . 

3.3 

20 . 

1.5 

21 - 

1.6 

22 - .... 

0 

23 

3.0 

24 ..- 

.8 

25 

1.1 

26 

3.6 

27 

,1 

28 . — 

2.1 

29 

1.0 

30 

1.9 

31 

.5 

32 

.4 

33 ....-- 

.4 

34 

1.9 

35 .... 

4.9 

36 — 


Percent 

40.9 

42.6 

34.5 

41.1 

37.8 

38.1 
37. 4 

43. 0 
32 . 7 

33.6 

35.2 

33.2 

37.3 

40.9 

40.0 

35.4 

29.7 
28.2 


Percent 
34 . 5 

32.7 

38.0 

40.7 

35. 7 
35. 9 

32.6 

38.4 
34 . 7 

28.8 

34. 8 

34.4 

34.6 
41.3 
37.2 

33.8 
31 . 7 

33.0 


Percent 

6.4 
9.9 

3.5 
.4 

2.1 

2.2 

4.8 

4.6 
2.0 
4. 8 
,.4 

■■ 1.2 

2. 7 
.4 

2.8 
1,6 
2.0 

. 4.8 


Mean._-. 


35. 9 


34. 5 
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Table 2 , — Expressible juice content of samples from corresponding left and right 
roasted pork loins listed in table 1 


Saini)le pair 

Juice content of— 

Difference 
in juice 
content 

Sample pair 
No. 

Juice content of— 

Difference 
in juice 
content 

A»o. 

Left loin 

Eight loin 

between 

samples 

Left loin 

Eight loin 

between 

samples 

1 

Percent 

30.9 

Percent 

29.6 

Percent 

1.3 

19 

Percent 

40.9 

Percent 

42. 6 

Percent 

1.7 

o 

28.5 

26.3 

2.2 

20 .— -.- 

34.5 

32. 7 

1.8 

3 

30. 2 

33.6 

3.4 

21 

34.5 

41. 1 

6 . 6 

4 . 

28.7 

32. 0 
36. S 

3.3 

22 

38.0 

40.7 

2. 7 


37.5 

.7 

23 

37.8 

38. 1 

.3 

6 

37. 5 

33.8 

3.7 

24 

35.7 

35.9 

2 


32.0 

32.4 

.4 

25 

37.4 

43.0 

5. 6 

8 

32.8 

31.3 

1.5 

26 — 

32.6 

38.4 

5.8 

9 .... 

30. 0 

37.0 

7.0 

27 

32.7 

33.6 

.9 

10 

33 . 6 

36. 9 

3.3 

28 

34,7 

28.8 

5.9 

11 

40. 0 

38.2 

1.8 

29 

35.2 

33.2 

2.0 

12 

37.9 

39 . 2 

1.3 

30 

34.8 

34.4 

.4 

13 

35.7 

34.2 

1.5 

31 — 

37.3 

40.9 

3.6 

14 

33.8 

33. 7 

.1 

32 . 

34.6 

41.3 

6.7 

15 

39.2 

39.3 

.1 

33 

40,0 

35,4 

4.6 

16 

39.6 

38.9 

.7 

34 

37.2 

33.8 

3.4 

17 

39.6 

33.0 

6.6 

35 

29. 7 

28.2 

1.5 

18 

37.7 

28.1 

9.6 

36 

31.7 

33.0 

1.3 






i 

1 

Mean. . . . 

35.1 ^ 

35.3 

2.9 


One of the possible sources of error in comparing left and right 
samples after heating is the layer of external fat on the cut of meat. 
It is not unusual, after the back fat has been removed in the abattoir, 
to obtain a pair of pork-loin cuts one of which has a considerable and 
even layer of fat whereas the other has either a thinner fat layer or 
an uneven one, muscle being exposed in some places. Furthermore, 
it is not always possible to obtain cuts that are of exactly the same 
size, shape, and weight. 

EVALUATION OF METHOD 

To represent an actual advance in technique, a mechanical method 
for measuring a palatability factor of meat must enable the investi- 
gator to obtain more dependable, significant data than can be obtained 
from the determinations of judges. However, it is necessary to 
evaluate the mechanical method by comparison with committee j udging. 

For such a comparison, 39 fresh beef-round samples, 30 fresh pork- 
loin samples, and 27 freezer-stored pork-loin samples were used. 
The cut of round of beef, 4 inches thick, was heated in an electric oven 
at 125° G. to an internal temperature of 58°. From each cut, three 
samples were taken, one from the semitendinosus and two from the 
semimembranosus m.uscle. Each of these samples was divided into 
two parts. One-half furnished the slices that were judged by a com- 
mittee of four to six persons, and the other was used to determine the 
expressible juice content by the mechanical method. The pork loins 
were heated at 150° C. to an internal temperature of 84°. In a man- 
ner similar to that employed with beef, a section of the longissimus 
dorsi muscle was removed and one-half was used for the judges, while 
the other half furnished a sample for the determination of expressible 
juice content. 

Samples were scored by the judging committee as follows: 5, juicy ; 
4, moderately juicy; 3, slightly juicy; 2, slightly dry; 1, dry. For 
each sample the scores of the several judges were averaged to give a 
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committee score. For the beef samples the committee scores ranged 
from 2.3 to 4.3 and the expressible juice content from 29.3 to 55.3 
percent. For the fresh-pork samples the corresponding ranges were 
1.0 to 3.8 and 35.9 to 50.0, and for freezer-stored pork they were 1.5 
to 3.5 and 34.9 to 50.2. 

The coefficients of correlation between committee scores and the 
percentages of expressible juice for the three groups of samples were as 
follows: Fresh beef, +0.63 ±0.07; fresh pork, +0.60 ±0.08; freezer- 
stored pork, + 0.58 ±0.09. The foregoing coefficients of correlation 
obviously are not high. However, they were regarded by the authors 
as of sufficient magnitude to be encouraging. 

In considering the coefficients, attention was drawn to the relatively 
narrow ranges of committee score for juiciness and percentage of ex- 
pressible juice. It was believed that with wider ranges of these factors 
a better measure would be obtained of the relation between them. 
Therefore an experiment was set up with a view to effecting wide 
differences in juiciness. One group of pork-loin cuts was heated to 
an internal temperature of 60^ C., another to a temperature of 85^, 
and a third to 100°, at an electric-oven temperature of 150° in all 
instances. In the first group, containing 32 samples, the ranges in 
committee score and percentage of expressible juice were from 2.5 to 
4.3 and 47.3 to 57.7, respectively. For the 18 samples in the second 
group the respective values were 1.5 to 3.5 and 35.7 to 48.0, and in 
the third group, containing 26 samples, the ranges were 1.0 to 2.8 and 
24.7 to 42.5. For all 76 samples, the range in committee scores was 
from 1.0 to 4.3 and in expressible juice content from 24.7 to 57.7 
percent. Similar procedures were applied to rib and loin cuts of 
beef and lamb. 

Correlation coefficients were calculated and equations of the form 
y—a+fta? for estimating committee score (y) from percentage of ex- 
pressible juice (x) were derived. Table 3 shows, for the three types of 
meat investigated, high coefficients of correlation, with little variation 
among them., and a wide range in committee score. The lamb meat 
varied as widely as the pork in juiciness, and the scores on beef cov- 
ered the full range, from 1.0 to 5.0. 


Table 3. — Relation between (/) committee score for juiciness and (2) expressible 
juice content of three kinds of meat 


Kind of meal 

Sam- 

ples 

Committee score 
(V) 

Expressible juice 
(3:) 

Coefficient 
of correla- 
tion and 

Estimating .. 
equation 

Stand- 
ard er- 
ror of 


Range 

Mean 

Range 

Mean 

probable 

error 

esti- 

mate, 

Pork loins.--,-- — 

j 

Number 

76 

1. 0-4. 3 

2.73 

Percent 
24. 7-57. 7 

Percent 
43. 29 

0. 89±0. 01 

?/=0.089:r-l. 129 

0.326 

Beef ribs and loins 

68 

1. 0-5.0 

3.60 

17. 7-55. 0 

41. 49 

.92db.01 

113:7-1.070 

.437 

Lamb ribs and 
loins...—.--- 

54 

1.0-4. 3 

2.94 

18. 5-51. 8 

38. 22 

.85db.02 

m 

2/ = .0847--. 256 

.398 


In this com.parison of the percentages of expressible juice and com- 
mittee scores, it was found that pork, beef, and lamb having the same 
percentages of expressible juice were judged by the committee to 
differ considerably in degree of juiciness as perceived by taste (table 
4). In most instances, as shown by the table, with a given percentage 
of expicssible juice, beef was rated by the judges as being the most 
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juicy and pork the least. For instance, pork containing 40 percent of 
expressible juice was judged to be only slightly more juicy than beef 
or lamb containing 30 percent of expressible juice. Beef containing 
45 percent of juice and lamb containing 50 percent were considered 
by the judges to be practically of equal juiciness. Thus the kind of 
meat was found to influence human perceptions of juiciness. 


'I'ABLE 4. — Committee scores, for estimated juiciness^ of pork, heef, and lamb cor- 
responding to indicated percentages of expressible juice 



Committee scores for estimated 1 


Committee scores for estimated 

Percent of 


juiciness of— 


Percent of 


juiciness of— 


expressible 




expressible 




juice 

Pork loins 

Beef ribs 
and loins 

Lamb ribs 
and loins 

juice 

Pork loins 

Beef ribs 
and loins 

I^ambribs 
and loins 

- 

1.1 

1.7 

1.8 

40 

2.4 

3.4 

3.1 

30- 

1.5 

2.3 

2.3 

45— 

2. 9 

4.0 

3.5 

35.- 

2,0 

2.9 

2.7 

50 

3.3 

4.6 

i 

3.9 


SUMMARY 

A mechanical method for determining the juiciness of cooked meat 
has been developed at the United States Department of Agriculture, 
Beltsville Eesearch Center, Beltsville, Md. It involves the use of a 
specially adapted hydraulic laboratory press for detennination of the 
expressible juice content of samples weighing approximately 25 to 
35 gm. Pi'essure on the sample in the test cylinder of the press, 
maintained at 50° C., is increased gradually to a total of 9,800 pounds 
and held there for 5 minutes. The juice is collected in a receiver, 
which may be a Babcock milk-testing bottle, thus facilitating subse- 
quent determination of the fat content, if desired, by means of a 
modified Babcock technique. The difference in weights of the sample 
before and after pressing represents the quantity of expressible juice. 

In a study of the accuracy of the new method, it was found that 
adjacent samples from the same muscle and samples from the corre- 
sponding muscles of the two sides of the carcass were not significantly 
different in expressible juice content. Moreover, the coefficients of 
correlation between committee scores and the expressible juice con- 
tent of samples of beef that varied narrowly in juiciness, although not 
high, were of sufficient magnitude to be encouraging. The statement 
applies also to expressible juice of both fresh and freezer-stored pork. 
When wider I'anges in scores for juiciness of fresh pork and beef were 
obtained by heating to widely varying internal temperatures, the re- 
lationships between such scores and the percentage of expressible 
juice were close. Likewise a close relationship was found in fresh 
lamb. 

The results indicate that, for the most part, when samples of meat 
having the same percentage of expressible juice were judged by the 
committee, beef was rated as being the most juicy and pork the least. 

The proposed method appears to be adaptable for use at least with 
beef, lamb, and pork when the variation in juiciness is due to animal 
production factors or to the internal temperatures to which the meat is 
heated. Possibly investigators will find it useful first as a supplement 
to and later as a replacement of the technique based on committee 
scores. 
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EFFECTIVENESS AGAINST THE CALIFORNIA RED SCALE 
OF CUBE RESINS IN LIGHT-MEDIUM AND HEAVY 
SPRAY OILSi 

By A. W. Chessman 

Associate entomologist, Division of Fruit Insect Investigations, Bureau of Entomol- 
ogy and Plant Quarantine, Agricultural Research Administration, United States 
Department of Agriculture 

INTRODUCTION 

An important characteristic used in grading mineral oils is their 
heaviness or volatility as indicated by their distillation range. It is 
generally agreed that the lighter, or more volatile, spray oils are less 
injurious to citrus trees than the heavy oils, but that they are less 
effective against the California red scale (Aonidiella aurantii (Mask.)) 

5, 7).^ Rohrbaugh’s finding (6) that the lighter oils disappear from 
citrus foliage more rapidly than the heavy oils indicates that the 
greater tolerance of citrus trees to the lighter oils is due, in part at 
least, to their more rapid evaporation from the foliage. 

In a previous paper (g) it was shown that the effectiveness of heavy 
spray oils against the California red scale on lemons could be increased 
by combining nicotine or cube resins with the oil. Such results sug- 
gested the possibility of obtaining satisfactory control of the scale by 
means of the lighter oils combined with toxicants. Since from the 
standpoint of cost, toxicity, and possible phytocidal effects, cube was 
considered the more promising toxicant with heavy oil, experiments 
were designed to compare effectiveness of sprays of a light-medium 
and a heavy petroleum oil containing cube resins. Tests were made 
in both laboratory and field. 

OIL SPECIFICATIONS 

The specifications of the oils and their approximate distillation 
ranges are given in table 1 . 


Table 1. — Specifications and distillation ranges of the oils used in the experiments^ 


Oil 

Viscosity, Sa- 
bolt, at 100° F, 

Specific gravity 
at 20° C. 

! 

Unsulfonatable 

residue 

Iodine No. 
(Hanus) 

Acid value 

■ 

Heavy. 

Light-medium 

■ 1 
■ ! 

Heavy. ■ 

91 

77 

0.855 

.872 

Percent 1 

96 i 
100 

4. 1 
2.6 

1 

0.1 

.1 

Proportion distillable at temperature (° F.) of — 

560 

575 

600 

625 

636 

650 

675 

700 

725 

750 

Percent 

Percent 

Percent 

Percent 

Percent 

5 

56 

Percent' 
' 15 ! 
. 63 1 

Percent 

37 

76 

Percent 

61 

85 

Percent 

79 

90 

Percent 

90 

Light-medium . . . , J 

5 

15 

32 

49 


® Specifications of the oils were determined by the Division of Insecticide Investigations of the Bureau of 
Entomology and Plant Quarantine. Data on the distillation ranges were furnished by the manufacturer. 


1 Received for publication August 4, 1942. 

2 Italic numbers in parentheses refer to Literature Cited, p. 419. 
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FIELD EXPERIMENTS 

The methods of preparation of emulsions, application of sprays 
in the field, and measurement of oil deposits were similar to those 
previously described (S). The oil concentration was 1.5 percent in 
all treatments. The cube resins, which contained 22.3 percent of 
rotenone, were dissolved in an intermediary solvent consisting of 
1 part by volume of trichloroethylene and 2 parts of dibutyl phthalate 
and 10 volumes of this solvent was added to 90 volumes of oil before 
emulsification. This gave a concentration of 1 gm. of cube resins 
to 4 liters of spray. Four sprays containing light-medium and heavy 
oils, with and without cube resins, were applied on October 20 in a lemon 
grove rather heavily infested with the California red scale. Each 
treatment was applied to a plot of four trees. 

OIL DEPOSITS 

Each sample analyzed for oil deposit was made up of 100 leaf disks 
1.5 cm. in diameter, 4 disks being taken from each of 25 leaves. 
Eight or nine samples were collected from each plot. The samples 
were taken on October 21, 24, and 25. It was found that deposits 
on the samples taken on the last 2 dates averaged lower than those 
taken on the first date, the difference being 8 percent for the heavy 
oil and 30 percent for the light-medium oil. This probably repre- 
sents the amount of oil lost by volatilization. The values obtained 
on the later dates were corrected accordingly, and the average oil 
deposits represent estimates of the oil on the foliage the day after 
sprayino;. Deposits of heavy and light-medium oil were 141 and 149 
micromilliliters per square centimeter, and deposits of the same oils 
with cube resins, 147 and 135 micromilliliters per square centimeter. 
The differences between deposits were not significant. 

INSECT MORTALITY 

Insect counts were limited to the more resistant females; namely, 
those in the late gray and older stages. Natural mortality in these 
stages, excluding those scales judged to have been dead before appli- 
cation of the spray, averaged about 5 percent and has been disregarded. 

Scales on Wood 

As there was not sufficient encrusted material on the twigs to include 
this type of infestation in the wood counts, the classes of scale densities 
examined were limited to light and heavy infestations on green and 
gray wood (5). Kesults of the scale counts made 5 to 6 weeks after 
spi'aying are shown in table 2. 


Table 2. — Mortality of California red scales on lemon wood sprayed with heavy 
and light-medium oil, with and without cube resins 


Kind of wood 

Infestation 

1 

Heavy oil 

Heavy oil-f* 
cube 1 

Ijight-medim 

1 oil 

Light-medium . 
oil 4- cube 

Total 

scales 

Mor- 

tality 

Total 

scales 

Mor- 

tality 

Total 

scales 

Mor- 

tality 

Total 

scale 

Mor- 

tality 



Number 

Percent 

! 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Grocn. . 

fLight-..-. ! 

718 

88.0 

504 : 

99.6 

^771 

78.5 

486 

99.6 


\Heavy,...._... . 

767 

77.2 

782 

95.8 

762 

69.0 

902 

97.2 

Gi*av 

/Light,.-.-...... 

660 

78. 5 

673 

95.4 

669 

68.5 

735 

96. 5 


|lHeavy-- 

1,542 

68.1 

2,240 

91.2 

1,433 

51.6 

2. 140 

92.9 

' Average. 



75.6 


95.5 


66.9 


96.6 




I" ■ "■ ", 
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In the analysis of these results the scale counts from each ti'ee were 
taken as the sampling’ unit. No replication of plots seemed neces- 
sary, since the insects present at the time of treatment were still there 
when mortality counts were made, and the principal sources of varia- 
tion in mortality, such as differences in oil deposits, developmental 
stages of scales involved, population density, type of host surface, and 
natural mortality, had been controlled or measured by the technique 
used. 

Although the diflerences in effect between the heavy and light- 
medium oils were small, analysis showed that they were highly sig- 
nificant (P<0.()1). When cube resins were added, there was a large 
increase in mortality and no difference between the effects of the two 
combinations.'^ Cube resins were just as effective in a light-medium 
oil as in a heavy oil in spite of the fact that when used alone the heavy 
oil was more effective. The effect of the oil-cube treatments upon 
scales in the heavy infestation on the gray wood was outstanding, as 
it was in the pi'evious experiments reported (S). 

Scales on Fruit 

Mortality of scales on the fruit was determined about 4 weeks after 
spraying, by examining from 18 to 22 lemons given each treatment. 
The results are shown in table 3. 


Table Z— Mortality of scales on lemon fruits 


Treatment 

Total scales 

Mortality 

Heavy oil . - - 

Number 

3, 878 
2,224 ! 
3,457 
3,079 

Percent 

88. 3 

95.4 

82.5 
97.3 

Heavy oil plus cube resins . 

Light-medium oil 1 

Light-medium oil plus cube resins - - - 


To permit statistical analysis of the differences between treatments, 
population densities were calculated, as described in the previous 
paper {3)j and were found to range from 0.1 to 8.9 scales per square 
centimeter. 

A trend toward lower mortality at the higher densities ol infestation 
was evident only in the treatments in which cube was not used. The 
difference between the treatments with heavy and light-medium oils 
was not statistically significant.^ However, the difference was in the 

(ai-a2)-ba(xi—X2) 

~ V v(ai) + vm+(xi-x2)mfh) 

where oi and denote the mean percentages dead, xi and X 2 the mean densities per square centimeter 
for treatments with heavy and light-medium oil, respectively, and be is a combined regression coefficient for 
the two treatments (1). 

same direction as that between the counts of scales on the wood and 
may mean that the heavy oil was slightly more effective against the 
scales on the fruit even though the differences cannot be shown to be 
significant. Both oil-cube sprays were superior to sprays containing 
the same oil without cube. The difference in mortality between the 
two oil-cube sprays was not significant. 


3 Sineeallthemortalitiesfollowingtreatments with oil plus cube were above 85 percent, the inverse sine 
transformation was made before computing the variance (B). This transformation was not used in the 
analysis of the treatments with oil alone. 

4 The test of significance was made as follows: Population density-mortality regression lines were fitted 
to the data by the method of least squares after each percentage had been weighted by the reciprocal of its 
variance. The difference between the means was then tested for sigr ificance by computing t from the 
formula. 
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LABORATORY EXPERIMENTS 

The cube resin used in the laboratory tests contained 27.4 percent 
of rotenone. It was dissolved in a mixture of trichloroethylene and 
dibutyl phthalate, as in the field tests. Emulsions were prepared with 
a high-speed drink mixer and applied with a precision sprayer (fig. l) 


Figure 1. — Laboratory equipment used for applying oil sprays on lemons. 

similar to that described by Dawsey, Cressman, and Hiley (4). 
Lemons were rested on circular wire supports soldered to a laboratory 
ring stand, which was mounted on an electrically driven turntable. 
Each set of lemons was sprayed for 45 seconds at a pressure of 35 
pounds per square inch, while the nozzle was moved up and down in a 
vertical plane and the turntable revolved at the rate of 20 revolutions 
per minute. 

The lemons were infested with scales that had been reared in the 
laboratory at 25° C. by a modification of a method described by 
Munger.^ They were sprayed shortly before the scales began to 
reproduce, and counts were limited to females in the late gray and 
older stages, most of them being in the mature stage. 

As a result of the method of infestation of these lemons and a rough 
selection before treatment, it w'as possible to restrict the range of 
population densities within rather narrow limits in a given series of 
spray tests, so that the average mortalities, which are shown in table 
5^, make a valid basis for comparison of the spravs applied at the same 
time. 
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Table 5 . — Effect of adding cube resins to laboratory sprays of lighnmedium and 
heavy oils on the mortality of the California red scale 


Spray 

Treatments of Jan. 27, 

1 oil concentration, 1.5 
percent 

Treatments of Mar. 15, 
oil concentration LO 
percent 

Total scales 

Mortality 

1 ..... ,, ,■ 

Total scales 

Mortality 

Light-ineditiin oil - 

Number 

1 , 993 
1,862 
2, 000 
1, 781 

Percent 

55.4 

76.3 

99,2 

98.6 

Number 

1, 633 

1, 365 
1,171 

1, 632 

Percent 

57. 4±3. 01 
61. 7±2. 84 
98. OzbO. 51 
93. 4=t:0. 85 

Heavy oil 

Light-medium oil plus cube resins 

Heavy oil plus cube resins 


1 standard errors of the mortalities resulting from lemons sprayed Jan. 27 were not calculated, since it was 
evident from an inspection of the data that the difference between the first pair of treatments was significant 
and the difference between the two sprays containing cube was not significant. In the treatments of March 16 
the fruits were used as the sampling units in computing the standard errors. 

In the first sprays, which were applied January 27 and contained 
1.5 percent of oil, the heavy oil was more effective than the light-medium 
oil when used alone, but when cube resins were added at the rate of 
1 gm. to 5 liters of spray there was no difference in their effectiveness. 
The results of the first laboratory sprays, therefore, were corroborative 
of the field results, although the differences between treatments were 
more marked. 

In both the field and the first laboratory experiments the mortality 
from light-medium oil plus cube was slightly higher than that from 
heavy oil plus cube, but the difference was not statistically significant. 
The fact that the differences were in the same direction in all cases 
suggests the possibility that there were slight but real differences in 
the effectiveness of the two combinations which could not be demon- 
strated from these two experiments. 

Since variability due to uneven coverage and other factors in field 
sprays might be expected to obscure small differences in efficiency, and 
the mortality in both oil-cube treatments applied in the laboratory was 
too high to favor the detection of small differences, the sprays applied 
March 15 were designed to permit a more satisfactory comparison of 
the heavy and light-medium oils containing cube resins. Oil concen- 
trations were lowered to 1.0 percent, and the concentration of cube 
resins was lowered to 1 gm. to 6 liters. In these tests the difference 
in mortality between the heavy and light-medium oils used without 
toxicants was less than in the earlier tests, but when cube was added 
the difference in favor of the light-medium oil was highly significant. 
The laboratory tests of Marcy 15 were accompanied by measurements 
of oil deposits on bottles coated with beeswax. No large differences 
in the oil deposits were found. 

DISCUSSION 

There are several possible reasons for the greater effectiveness of 
cube resins in the lighter oil. More of the light-medium oil may have 
gotten beneath the scale covering, in which case the dosage of cube per 
scale would have been higher than in the tests with the heavy oil. 
Furthermore, the light-medium oil may have reached the insect more 
quickly than the heavy oils. Since cube gradually loses toxicity when 
exposed to light and air on the plant, a quicker contact with the insect 
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would be expected to make for greater effectiveness. The possibility 
of a greater solubility of the toxic principles of the resins in the par- 
ticular light-medium oil used cannot be entirely ignored. There was 
no evidence that differences in the oil deposits were a factor in these 
tests, 

In these experiments where efficiency was measured by the kill of 
the older female scales, one important effect of oil sprays has not been 
considered, viz, the residual effect of the oil film in inhibiting the 
settling of young produced by the survivors.^ It seems probable that 
the heavier oils, which leave a more persistent residue, would be 
superior to the lighter oils in this respect. Consequently, the total 
effectiveness of the light-medium oils and cube resins may not be so 
great as that of the heavy oils and cube resins, even though a greater 
increment in effect on the adult scales results from addition of the 
resins to the lighter oils. 

SUMMARY 

The relative effectiveness against the California red scale (Aonidiella 
aurantii (Mask.)) of spi^ays of cube resins in heavy and light-medium 
petroleum oils has been studied. The cube resins were dissolved in an 
intermediary solvent consisting of 1 volume of triculoroethylene and 2 
volumes of dibutyl phthalate. Insecticidal efficiency was determined 
on the basis of the mortality of females in the gray adult and older 
stages. Counts were made on fruit and wood in the field tests, on 
fruit only in laboratory tests. 

In the field tests all sprays contained 1.5 percent of oil. Cube resins 
were used at the rate of 1 gm. of the resins, containing 22.3 percent of 
rotenone, to 4 liters of diluted spray. A heavy oil without cube gave 
a more effective spray than a light-medium oil alone, but a light- 
medium oil with cube was just as effective as a heavy oil with cube. 
Mortality on the heavily infested older wood was 51.6 percent with 
light-medium and 58.1 percent with heavy oil. It was increased to 
92.9 and 91.2 percent by the addition of cube resins. 

The first laboratory sprays contained 1.5 percent of oil and cube 
resins, with a rotenone content of 27.4 percent, at the rate of 1 gm. to 
5 liters. Mortality of 55.4 and 76.3 percent from a light-medium and 
a heavy oil was increased to 99.2 and 98.6 percent by the addition of 
cube. In a second series of laboratory sprays containing 1.0 percent 
of oil and 1 gm. of cube resins to 6 liters of spray, the differences be- 
tween the effects of the light-medium and heavy oils without toxicants 
were less than in the preceding tiCsts, but light-medium oil plus cube 
vras more effective than heavy oil plus cube, mortality being 98.0 and 
93.4 percent, respectively. 
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THE EFFECT OF DIFFERENT OXYGEN CONCENTRA- 
TIONS ON THE RATE OF RESPIRATION OF AZOTO- 
BACTER IN RELATION TO THE ENERGY INVOLVED IN 
NITROGEN FIXATION AND ASSIMILATION ' 

ByJ. M. Fife2 

National Research Council fellow m the biological scie^nces, 1927-29, Division of 
Plant Nutrition cind the Department of Chemistry, California Agricultural 
Experiment Station 

INTRODUCTION 

It has been shown (7,^ f g. 9) that dining' nitrogen fixation by 
Azotobader at 20 percent oxygen the reaction C6Hi2O6 + 602=6CO2+ 
6H2OAH — "- 674,000 calories is one reaction that takes place at a 
constant rate for a considerable period of time when adequate oxygen 
is supplied and when the end product (carbon dioxide) is removed 
from the culture as fast as formed. If Azotobader may be considered 
as a catalyst for this reaction, the rate at which the reaction proceeds 
(within reasonable limits) should be a function of the partial pressure 
of oxygen. 

METHODS 

Studies on the respiratory rate of Azotobader at different partial 
pressures of oxygen, while fixing nitrogen and also while assimilating 
combined nitrogen, were carried out with the apparatus and technique 
described earlier (7). The different partial pressures of oxygen were 
obtained by filling a series of 12 tanks to 1,000 pounds pressure with a 
mixture of pure oxygen and nitrogen. The concentration of oxygen 
in each tank was "then accurately determined by analysis. It was 
thus possible to subject the culture to any one of the 12 different 
partial pressures of oxygen by connecting the proper tank {7, Jig. ^,/l) 
to the air-conditioning apparatus. 

RESULTS 

RESPIRATORY RATE OF AZOTOBACTER AT DIFFERENT PARTIAL PRESSURES OP 

OXYGEN 

While Fixing Nitrogen 

Twelve hundred grams of a 36-hour culture at pH 7.2 (prepared as 
previously described (7)) was transferred aseptically to the sterile 
calorimeter. A gas mixture containing 17.8 percent oxygen was im- 
mediately started through the system at the rate of 14 liters per hour. 
The measurements were not begun, however, until the rate of respira- 
tion as measured by both the heat and CO2 production became 
constant, thus insuring a constant number of living organisms. The 

1 Received for publication Jaimary 12, 1942. This investigation was made possible by the National 
Research Ccnneil. 

2 The author is indebted to G. N. Lewis, Merle Randall, D. R. Hoagland, A. R. Davis, and C. B. Liprnan, 
of the university staff, and to F. C. Steward, of the Department of Botany. Birk beck College, University 
of London, for interest shown in the work and. for valuable suggestions and criticisms. 

’ Italic numbers in parentheses refer to Literature Cited, p. 440. 
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rate of heat and CO 2 production was then studied at six different 
partial pressures of oxygen lower than the partial pressure of oxygen 
in air. At each concentration, the rate of respii*ation was observed 
continuously for 10 to 18 hours. Starting with 17.8 percent oxygen 
and descending to 0.5 percent, each of the six partial pressures was 
studied in turn. As soon as the rate of respiration with the lowest 
oxygen concentration was determined, the higher concentrations in 
an ascending order were again applied and the respiration rates were 



ViGUBE 1. — The rate of respiration of Azotohacter (while fixing nitrogen) in the 
presence of six different partial pressures of oxygen less than that in air, applied 
first in a descending order and then in an ascending order. A, Calories per 
hour descending from 17.8 to 0.5 percent oxygen. B, Calories per hour ascend- 
ing from 0,5 to 8.3 percent oxygen. 

determined. In this way, the rate of respiration at each partial 
pressure of oxygen was approached from both extremes. 

Figure 1 shows clearly the response made by the culture when sub- 
jected to the six different partial pressures of oxygen. The rate of 
respiration varied almost directly with the partial pressui'e of oxygen 
throughout the range studied. In the four higher concentrations less 
than 1 percent of the available oxygen was utilized, while in the lower 
concentrations the value rose to approximately 1.5 percent. Because 
of the enormous gas-liquid interface, and the amount of oxygen avail- 
able, which was about 100 times that used, the cells did not suffer 
from lack of oxygen. To make sure of this, the rate of air flow was 
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increased 50 percent. This, however, did not increase the rate of 
respiration at any oxygen concentration, in spite of the 50 percent 
increase in available oxygen and a corresponding increase in the gas- 
iiqiiid interface. 

It has been shown {7, jig. 8) that if the rate of air flow is decreased 
sufficiently, depending upon the oxygen concentration, a decrease in 
the rate of respiration will result. However, this decrease may be due 
only in part to a lack of oxygen, for under such conditions carbon diox- 
ide would accumulate in the medium, thus causing an increase in the 
hydrogen-ion concentration and other unfavorable conditions. When 
the gas-liquid interface was increased by increased rate of aeration 
(which would result in a more rapid gaseous exchange), a maximum 
rate of respiration was reached. 

Figure 1, B, clearly shows that Azotohacter willrespiTe with a respir- 
atory quotient well above unity if the oxygen concentration is reduced 
below 2 percent. 

The objection may be raised that the number of living organisms 
decreased in the same proportion as the partial pressure of oxygen was 
decreased. It must be remembered, however, that the total change 
in the rate of respiration occurred within less than 15 minutes after 
the partial pressure of oxygen was altered. After this sudden shift in 
concentration, the rate of respiration remained constant until the 
partial pressure of oxygen was again changed (see 7, fig. 6). It is not 
reasonable to assume that the required number of organisms would 
die within such a short time in order to effect the observed decrease 
in the rate of respiration. 

To demonstrate again that the number of living organisms did 
remain constant and were at a steady state regardless of the partial 
pressure of oxygen used , the rate of respiration was studied with 
increasing partial pressures of oxygen as described. Proceeding from 
the low partial pressure of oxygen to the higher, the total increase in 
the rate of respiration occurred within 15 minutes after the higher 
oxygen concentration reached the culture. Here, again, to account 
for this sudden increase in rate of respiration by an increase in the 
number of living organisms, it would be necessary to assume that the 
culture almost doubled its number within 15 minutes. 

Twenty hours after the beginning of the experiment the rate of 
respiration with 8.3 percent oxygen was found to be 56 calories per 
hour. The rate of respiration with this same concentration of oxygen 
was again studied 110 hours later, under the same conditions, but after 
the partial pressure of oxygen had undergone nine changes. In spite 
of such changes in the oxygen concentration and the lapse of 1 10 hours, 
the rate of respiration was 51 calories per hour. The respiration rates 
at 40, 70, and 110 hours with 2.1 percent oxygen were found to be 
22, 23, and 25 calories per hour respectively. Here, again, the rate 
of respiration is the same for a given oxygen concentration and is not 
affected by the previous oxygen treatment. At 50, 80, and 100 hours, 
the rate of respiration was 17, 17, and 15.5 calories per hour, respec- 
tively, with 1.1 percent oxygen. One hundred and thirty hours after 
the beginning of the experiment the final observation was made on 
the rate of respiration at 8.3 percent oxygen (fig. 1). Pure oxygen 
was immediately added and the respiratory rate was determined 
45 minutes later. The rate of respiration as measured by both the 
CO 2 and heat production was found to increase from 56 to 245 calories 
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pt'r liour. In other words, there was a 338 percent increase in the rate 
of r(‘S]>iration within 45 minutes (and very likely within 15 minutes, 
had readings been n ade) after the oxygen tension was increased from 
8.3 to 100 percent. It is hardly reasonable to assume that the living 
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colls in tb(‘ culture, subjected to so many dilfertuil i)artial prt'ssures of 
oxygtai, (*otdd (utlier increase or decrease in luimbtu* in sucdi a short 
tiuu'; and a.t tln^ stime. time be d ope iidoiit only on the partial pr(‘ssure 
of ox\hU'<'U supplied. 

To thdtuauiiii' tlu‘ effect of different oxygen conetudrations above 
that in air on (lie nit(‘ of respiratioii and ^ tlu* results of) tained 
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with partial pressures of oxygen less than that of air, the experiment 
was repeated. The culture was allowed to reach a steady state in 
18 percent oxygen after which time the experiment was started with 
nitrogen contr.ming 0.1 percent oxygen. The higher oxygen con- 
centrations wcie in turn forced through the culture and the rate of 
respiration determined by both the heat and CO 2 produced. The 
results are shown in figure 2. 

The results of this experiment confirm those of the previous experi- 
ment (fig. 1 ) over the lower range and show that the rate of respiration 
increases in the higher oxygen concentration up to 60 percent oxygen. 
Above this amount the curve appears to flatten out, but in no case 
does the rate of respiration decrease with increasing oxygen concentra- 
tions. 

The two CO 2 points at 40 and 60 percent do not coincide with the 
heat measurements. It is possible that the rate of air flow was 
scarcely sufficient to prevent a slight accumulation of CO 2 in the 
medium. However, the heat measurement points fell on the curve, 
showing that this slight accumulation of CO 2 was not toxic. When 
100 percent oxygen was added, the rate of aeration was increased from 
12 to 14 liters per hour and under these conditions the rate of respira- 
tion, as calculated from the COo evolved, became equal to the observed 
value. 

To show again that the number of living organisms remained con- 
stant and that the same rate of respiration at these oxygen concen- 
trations can be obtained by approaching from either the low or the 
high oxygen concentration limit, the oxygen tension was suddenly 
dropped from 100 to 60 percent and the rate of respiration was deter- 
mined at an aeration rate of 14 liters per hour. After the effect of 60 
percent oxygen was studied, 38 percent oxygen was substituted. In 
both cases the points fell on the curve (the highest carbon dioxide 
points at 40 and 60 percent oxygen). At these two points a 17 percent 
increase in the rate of aeration did not increase the observed rate of 
respiration above that obtained with the lower values for air flow. 
However, the calculated rate as determined by the carbon dioxide 
evolved was increased, but not beyond the observed rate. 

Figure 2, B, shows the three lowest points of experiment O plotted 
on a larger scale. It is evident that more carbon dioxide is evolved 
than can be accounted for by the heat produced, which suggests that 
under these conditions Azotobacter is able to utilize combined oxygen 
to carry on respiration. In calculating the respiratory quotient 
(calories per hour calculated from the carbon dioxide evolved to the 
calories per hour observed) for Azotobacter subjected to difterent partial 
pressures of oxygen, it is evident (table 1) that in 0.1 percent oxygen 
this quotient is very high. A respiratory quotient of unity was not 
approached until the oxygen concentration had reached 2 percent. 

In order to confirm the results obtained with the higher oxygen con- 
centrations in experiment 0, the experiment was repeated. In this 
experiment, the oxygen concentrations below that of air were omitted, 
but in order to define the upper portion of the curve more accurately 
78.8 and 90.3 percent concentrations were also used. 
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Table 1.^ — Respiratory quotient of Azotohacter while fixing nitrogen under different 
partial pressures of oxygen 



Experiment N 

Experiment 0 

Oxygen (percent) 

Average energy values 
per hour 

Kespira- 

tory 

quotient > 
(CO 2 /O 2 ) I 

Average energy values 
per hour 

Respira- 

tory 

I quotient 
(OO 2 /O 2 ) 


Calculated 
from CO 2 
evolved 

. 

Observed 

Calculated 
from CO 2 
evolved 

Observed 

0,1 - 

Calories 

Calories 


Calories 

13.8 

Calories \ 
4.5 

3. 07 

0.5 

13. 8 

7.9 

1.75 

10.9 1 

6.3 

1.72 

1.1 _ 

16.4 

12.1 

1.36 

11.2 1 

10.3 

1.09 

2.1 - 

21.6 

22.4 

.97 

13. 6 

13.1 

1.03 

4.3 

35,6 

34.7 

1.03 

34.1 I 


8.3 

56.5 

54.0 

1,04 

62.4 I 

55.3 

1. 12 

17.8 

99.0 

100.0 

.99 

105 

109 

.96 

39,3 .... 


215 

248 

.87 

68.8 . - 




278 

322 

.87 

99.9 




362 

384 

.94 






The calorimeter was aseptically charged with a growing culture of 
Azotohacter, as previously described, and 21 percent oxygen was sup- 
plied until the rate of respiration reached a constant value. Each 
oxygen concentration was applied in turn and the rate of respiration 
measured continuously by both heat evolution and CO 2 absorption 
methods for 5 to 8 hours. 

Kesults from (experiment S, in figure 2, confirm those of experiment 
0 and show again that the rate of respiration is dependent on the par- 
tial pressure of oxygen and that it is almost directly proportional to 
the oxygen concentration up to 60 percent. Both the heat produced 
and the heat that should have been liberated, as calculated from the 
CO 2 evolved, gave the same results. At 60 percent oxygen the rate of 
respiration continued to increase at the normal rate, while at 78 per- 
cent oxyg(>n the rate (as measured by the CO 2 evolved) reached a 
maximum very abruptly. The observed rate of respiration did not 
increase sharply at this point. 

It was further noted that at this latter oxygen concentration, only 
53 percent of the energy liberated, as calculated from the CO 2 evolved, 
was found as heat. That this represents a critical point is evident 
from the fact that the rate of respiration remained constant at 78 
percent oxygen for 4% hours. The oxygen concentration was greater 
than 60 and lower than 90 percent for 6% hours, as showm by eight CO 2 
determinations. The points designated by the asterisk represent the 
rate of respiration due to the slight mixing of the two gas mixtures in 
the apparatus when the oxygen concentration was increased to the 
next higher value. At 90 percent oxygen all the energy liberated, as 
calculated from the evolved CO 2 , was again found as heat. With but 
one CO 2 measurement and no heat measurements at 100 percent 
oxygen the rate of respiration at this concentration is uncertain in this 
experiment. ■ 

It is difficult to explain the sudden increase in respiration as shown 
by the CO 2 evolved at 78 percent oxygen. It is interesting to note, 
however, that the oxygen-nitrogen ratio (78 percent oxygem) which 
gav<‘ th(^ maximum rate of respiration is the same as that in the nitrate 
ion. A furtlur discussion will be presented latvr. 
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To demonstrate that a maximum does exist at 78 percent oxygen, 
the experiment was carefully repeated a month later, care being taken 
to remove completely the carbon dioxide from the culture by increas- 
ing the rate of aeration as the rate of respiration increased. The 
results are shown in figure 3, experiment T. Here, as in experiment S 



Figure 3. — The rate of respiration of Azotohacter {v^hXlei fixing nitrogen) subjected 
to oxygen concentrations from 20 to 100 percent. The points designated by 
the asterisk represent the carbon dioxide evolved during 1 hour, the oxygen 
tension remaining at the lower value for 20 minutes and at the higher value for 
40 minutes. The average oxygen tension is therefore the lower tension plus 
two-thirds the difference between it and the next higher oxygen tension. 

(fig. 2), a maximum calculated rate of heat production occurred at 
78 percent oxygen. This experiment also shows that the rate of 
respiration at 100 percent oxygen is slightly gi’eater than at 90 per- 
cent. Experiment N is shown (fig. 3) in order that the slopes of the 
two curves may be compared. 

An experiment was conducted in order to make certain that the 
culture was fixing nitrogen thr-oughout the entire time the experiments 
were being conducted. One liter of sterile medium was transferred to 
a Dewar flask which was submerged in a water bath at 25^ C. The 
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nitrogeii“fr{'o nuHlium. was inoculated with 10 cc. of inoculum fi‘om the 
same sourc^^ as that* used in the other experiments. The culture was 
vigorously aerated witlx preconditioned air in a manner similar to that 
described earlier (7). 

All indication of the lieat produced by the culture was obtained by 
measuring the rise in temperature inside the Dewar flask with the aid 
of a Beckmann thermometer. The temperature of the water bathj 
in which the culture was submerged, was increased at the same rate 
as the temperature increased inside the Dewar flask. By this means 
the heat leak of the culture was reduced to a negligible amount. The 
amount of carbon dioxide evolved and the rise in temperature were 
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Figitre 4. — The rise in temperature, the amount of nitrogen fixed, and the CO 2 
evolved by a culture of Azotobacter over a period of 100 hours. 

determined at regular intervals. Sam.ples of the culture were removed 
at intervals and the total nitrogen determined by a standard method. 
The results are shown ill figure 4. 

It is evident that nitrogen fixation took place throughout the (uitire 
100-hoiir period. It appears that after the rate of carbon dioxide 
production reached a constant value, the rate of nitrogen fixation also 
appeared to be constant and was closely correlated with the rise in 
temperature and the rate at which carbon dioxide was liberated. 

Concerning the maximum respiration rate at 0.8 atmosphere ob- 
tained by the author (figs. 2 and 3), Lineweaver, Burk, and Horner 
.(if, p.'503) state: 

n: ;i.' value of maximum respiration at 0.8 atmosphere O 2 reported l)y 

Fif(‘ * * was obtained under conditions where oxygen f)ressure was nob 

the only varial)h‘. 4'he sugar concentration decreasc^d consid(‘rahly (about. 10 
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gm. per liter) during the course of the experiment, and the rate of gas flow was 
increased at the higher ox}- gen pressures (private communication) . The ratio of 
gas-liquid interface to volume of solution (as distinguished from the far less 
important ratio of volume of gas to volume of liquid) was critically low and any 
resulting lessened removal of CO2 or establishing of respective equilibrium con- 
centrations of O2 (at different Oo pressures) in all local parts of the culture medium 
would result in a raised maximum, not a lowered maximum as Fife believed. 

Tins criticism, in the opinion of the writer, is not only in error, but 
is also unwarranted for several reasons. (1) the oxygen pressure 
was not a variable. In all experiments, the gas mixtures were sup- 
plied from tanks as described (7). It is obvious that the oxygen pres- 
sure remained constant at all partial pressures of oxygen studied. 
(2) The sugar concentration did not decrease about 10 gm.. per liter 
as stated. The total am.ount of sugar present was only 10 gm. In 
experim.ent S (fig. 2), in which the m.axim.um am.ount of sugar was 
consum.ed, only 50 percent was liberated as carbon dioxide. In the 
experim.ents in which com.bined nitrogen was supplied to the culture, 
only 24 percent of the available sugar was consumed. It seems logical 
from the mass law that such a decrease in this reactant would result 
in a decrease in the rate of respiration if the critical concentration was 
approached. (3) It is true that the rate of aeration was increased at 
the higher partial pressures of oxygen (7, hg. 8). However, a 67 
percent increase in the rate of aeration above 14 liters per hour did 
not increase the rate of respiration. It appears that Burk and asso- 
ciates failed to appreciate the enorm.ous gas-liquid interface supplied 
by rapid aeration with sro.all bubbles of gas which rise through the 
liquid to the surface of the culture. A detailed discussion of this 
enorm.ous gas-liquid interface available by rapid aeration is found 
elsewhere (see 7, p. 235). It m,ay be stated, however, that at the 
maximum rate of respiration (1,160 calories per hour) 231.5 cc. of 
oxygen was utilized by the 1,200 cc. of medium., which was only 1.5 
percent of the total oxygen available. At this rate of respiration each 
cubic centimeter of medium absorbed 0.195 cc. of oxygen per hour. 
The total gas-liquid interface exposed to the culture over a period of 1 
hour was 210,000 cm.^; that is to say, each cubic centimeter of medium 
had 175 cm..^ of gas-liquid interface from which to absorb 0.195 cc. of 
oxygen in 1 hour. This does not include the interface at the surface 
of the medium.. (4) Equilibrium was established within a few 
minutes upon changing the partial pressure of oxygen to either 
higher or lower values. This has been demonstrated {7,fig.6\) 

While Assimilating the Ammonium Ion 

To determine whether or not the sudden increase in respiration, as 
measured by CO 2 produced at 78 percent oxygen, is associated with 
nitrogen fixation, experiments were carried out in which the culture 
was supplied with combined nitrogen and the rate of respiration was 
studied over the entire range of oxygen pressures as before. In these 
experiments the ammonium ion was added to prevent fixation of 
atmospheric nitrogen. The medium was the same as that previously 
used, except that 200 mg. of nitrogen as ammonium sulfate was 
added. The medium was inoculated and aerated as before and then 
transferred aseptically to the sterile calorimeter. Aeration was at 
once begun with 20 percent oxygen and continued until the rate of 
heat and CO 2 production became constant. 

532056—43 2 
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The experiment was then begim by aerating with 0.1 percent 
oxygen at the rate of 15.7 liters per hour. One percent oxygen was 
next added, and from then on the oxygen concentrations w*ere increased 
until the cultme was subjected to piu’e oxygen. As the rate of CO 2 
production increased, the gas-liquid interface was increased by in- 
creasing the rate of aeration, in order to maintain the CO 2 concen- 
tration in the medium at a minimum. The air flow was increased 
from 15.7 to 17.5 liters per horn when 40 percent oxygen was added, 
and at 60 percent oxygen it was increased to 18 liters per hour. Wlien 
80 and 100 percent'oxygen was added, the rate of air flow was in- 
creased to 19.5 liters per hour. The effect of different oxygen con- 



for low oxygen concentrations plotted on an enlarged scale. 

centratioiis on the rate of respiration, when the ammonium ion was 
assimilated, is summarized in figure 5, 

Apparently the rate of air flow was insufficient at 40 percent to 
remove the carbon dioxide, in spite of the increased rate of air flow. 
The increase made at 60 percent improved conditions, but not until 
the air flow v as increased to 19.5 liters per hour at 80 percent oxygen 
was it sufficient to remove the carbon dioxide effectively. Here the 
rate of respiration is almost directly proportional to the partial pres- 
sure of oxygen between 2 and 80 percent. From 80 to 100 percent 
oxygen, the rate of respiration continued to increase but at a slower 
rate. It will be noticed that the curve also flattens out below 2 
percent oxygen {fig, 5 thus showing that at these low concentra- 
tions the rate of respiration is not aflected by a further decrease in 
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the partial pressure of oxygen. The curve also shows the extent to 
which intrarnolecular respiration is taking place. 

Column 4 of table 2 shows that the respiratory quotient of Azoto- 
hacter did not reach unity until an oxygen concentration of 5 percent 
was reached. It appears that Azotohacter is able to catalyze fermenta- 
tion reactions to a considerable extent at the lower oxygen pressures 
when the ammonium ion is present and even to a small degree in 
concentrations of oxygen as high as 5 percent. No sudden increase 
in the rate of respiration at 78 percent oxygen was obtained when 
combined nitrogen in the form of the ammonium ion was supplied to 
the culture. 


Table 2. — Respiratory quotient of a culture of Azotohacter while assimilating the 
ammonium ion under different partial pressures of oxygen 


Oxygen 

(percent) 

Average energy values 
per hour 

Respiratory 

quotient 

(CO 2 /O 2 ) 

Oxygen 

(percent) 

Average energy values 
per hour 

Respiratory 

Calculated 
from COa 
evolved 

Observed 

Calculated 
from CO 2 
evolved 

Observed 

quotient 

(CO 2 /O 2 ) 

■0.1 

Calories 

12.4 

Calories 
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While Assimilating the Nitkate Ion 

To study the rate of respiration of a culture of Azotohader while in 
the process of assimilating the nitrate ion, the above experiment was 
carefully repeated except that the medium contained 200 mg. of nitrate 
nitrogen instead of the ammonium ion. This medium had a pH of 
7.1 as compared to 7.2 for the ammonia experiment. The rate of air 
flow was 14 liters per hour for the lower oxygen concentrations. At 
40 percent oxygen the air flow was increased to 15.7 liters per hour; 
at 100 percent, to 17.8 liters. This experiment is summarized in 
figure 6. 

From 10 percent to pure oxygen the rate of respiration was directly 
proportional to the partial pressure of oxygen, as measured both by 
the heat produced and the carbon dioxide evolved. Owing to the 
clogging of the cooling coil inside the calorimeter it was impossible to 
make heat measurements and thereby confirm the carbon dioxide 
measurements at 100 percent oxygen. 

It is quite evident from fig. 6, B, and table 3 that anaerobic dis- 
similation and probably nitrate reduction takes place to a large extent 
below 5 percent oxygen. The respiratory quotient decreased from 5 
at 1 percent to 0.97 at 11.5 percent oxygen. It is evident that the 
high respiratory quotients cannot be ascribed to a lack of atmospheric 
oxygen, since less than 1 percent of the available oxygen was utilized. 
The fact that the rate of respiration of Azotohader was greater in the 
presence of the nitrate ion than when the ammonium ion was available 
indicates that the nitrate ion may be preferred. 


CALORIES PER HOUR 
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Table Z.— ’Respiratory quotients of Azotobacter oUained while the cidture was 
assimilating the nitrate ion under increasing partial pressures of oxygen 
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CHANGE IN THE RESPIRATORY QUOTIENT WITH DECREASING PARTIAL PRESSURES 

OF OXYGEN 

Since the publication of the free-energy data by Lewis and Kandall 
(P), attempts have been made to determine the efficiency of nitrogen 
fixation by Azotohacter at different oxygen concentrations. It must be 
remembered that the free energy liberated by intramolecular reactions 
is as available to the cell as that liberated by. the consum.ption of free 
oxygen, provided the reaction releasing such free energy is a step in 
the series of reactions which are vital to the cell. In view" of this, the 



Figuhe 7. — The increase in intramolecular respiration with decreasing concentra- 
tions of oxygen by Azotohacter during nitrogen fixation and nitrogen assimila- 
tion: a, Nitrate-ion assimilation; 6, ammonium-ion assimilation; c, nitrogen 
fixation. 

energy liberated by intramoleciilar reactions must be taken into 
account before the efficiency of any cell process can be determined. 

The data in figure 7 are presented to show how- the respiratory quo- 
tient of Azotohacter increases during nitrogen fixation and nitrogen 
assimilation with decreasing oxygen concentrations. 

It is evident from figure 7, a and 6, that anaerobic dissimilation 
(reactions involving combined oxygen) is taking place to a marked 
degree hj Azotobacter assimilating either the nitrate or the 

ammonium ion. At partial pressures of oxygen greater than 5 per- 
cent, these relictions w'ere not detectable. At this and lower values, 
especially in the ])res('n.cc of the nitrate lOiiyAzotobacter utilizes large 
amounts of (*ombined oxygen with the production of carbon dioxide. 
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The curve clearly shows the ease with which Azotohacter is able to 
utilize comb iiied oxygen for respiration in the presence of the nitrate 
ion and at low oxygen pressures where free oxygen is not readily 
available. 

When Azotohacter was forced to fix atmospheric nitrogen (fig. 7, c) 
it is evident that a lower partial pressure of oxygen was necessary to 
force the cells to catalyze intramolecular reactions than when com- 
bined nitrogen was present. In two separate experiments the respira- 
tory quotient was found to remain at unity until the partial pressure 
of oxygen was reduced to 2 percent. Below this concentration, how- 
ever, the respiratory quotient increased rapidly until at 0.1 percent 
oxygen, where it reached a value of 3. It is clearly evident that the 
free oxygen consumed by Azotohacter at partial pressures below 2 per- 
cent is by no means a measuire of the total energy liberated. 

DISCUSSION 

The data presented here and in previous papers (6*, 7) .are not in 
agreement with those of other investigators. Meyerhof and Burk 
{12) Mid. Burk and associates (^, 5, 4), Lineweaver (10), and Line- 
weaver and associates {11) have presented considerable data on the 
physiology of Azotohacter with special reference to the efficiency of 
nitrogen fixation and efficiency of growth. In these experiments the 
Warburg {IS) apparatus was used exclusively for measuring the rate 
of respiration (free oxygen consumed). The efficiency of nitrogen 
fixation and the efficiency of growth of Azotohacter were determined 
over the entire range of oxygen pressures, with the Warburg apparatus 
and technique {IS). A critical discussion of this has been given by 
the author (7). Meyerhof and Burk {12) report that the rate of 
respiration increased with increasing oxygen pressure until 15 to 20 
percent oxygen was reached. Above this concentration, they found 
that the respiration rate fell oft* rapidly. The experiments of these 
investigators show that the rate of respiration in pure oxygen is from 
one-third to one-half the value for air. 

The author has failed to confirm the findings of these workers. In 
10 experiments (examples of which are shown in figures 1, 2, 3, 5, 
and 6) m.ore than 100 separate measurements on the rate of respiration 
of Azotohacter were made, in which five concentrations of oxygen 
greater than that in air were used. Each of these separate measure- 
ments (eight examples of which are shown in detail in figure 6 of an 
earlier paper) (7) consisted of measuring simultaneously the heat and 
carbon dioxide produced over a period of at least 2 hours. In every 
case the author found the rate of respiration of Azotohacter in con- 
centrations of oxygen above 20 percent to be greater than at 20 
percent. 

The duration of experiments S (fig. 2) and T (fig. 3) was 38 and 
36 hours, respectively. By making the heat and carbon dioxide 
measurements continuously for the entire time in each experiment, 
any decrease in the rate of respiration would surely have been detected . 
Continuous beat and carbon dioxide measurements were also made in 
experiments R (fig. 5) and P (fig. 6) which were of 80 and 140 hours 
duration, respectively, with no indication of a decrease in the rate of 
respiration at the higher oxygen concentrations. 

it is difficult to see how equilibrium between the gas and liquid 
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phases could have been reached and maintained with the apparatus 
used by Meyerhof and Burk, in the light of the data presented by the 
author, which demonstrates the precautions necessary to supply the 
culture with adequate oxygen. It is doubtful whether the gas ex- 
change could proceed rapidly enough at the higher oxygen pressures 
in the Warburg apparatus to allow respiration to take place at a 
maximum rate. In view of the fact that the total volume of their 
apparatus was only 12 cc., convection currents in both the gas and 
liquid phase would be very small. Circulation of the gas would also 
be reduced to a minimum owing to the shape of the apparatus and the 
constant temperature at which it was maintained. It is true that the 
whole apparatus was rocked back and forth at a constant rate. 
However, this rate (120 cycles per minute, according to observations 
made by the author) was probably not rapid enough to break the sur- 
face of the liquid and by actual measurements the liquid was raised 
approximately 2 mm. on the side of a vessel similar to that used by 
Meyerhof and Burk {12) when the rate of shaking was 120 cycles per 
minute at an amplitude of 3 cm. 

A striking example of the need for vigorous stirring was clearly 
demonstrated in an earlier paper (7, jig, 9 ) . The points designated 
by the asterisk were obtained while the mechanical stirrer was idle. 
Although the culture was being vigorously aerated at the rate of 14 
liters per hour, the stirring by aeration alone was only sufficient to 
produce a rate of respiration one-half of the maximum. In spite of 
sjach a high rate of aeration and a large gas-hquid interface, vigorous 
mechanical stirring was found to be indispensable for the cells to 
respire at a maximum rate. 

Meyerhof and Burk {12) apparently assumed that the amounts of 
oxygen consumed were too small to alter the concentration of the gas 
phase. By actual measurem.ent the author found that a maximum of 
0.21 cc. of oxygen was consumed per cubic centimeter of medium per 
hour. It may well be that in their experiments the carbon dioxide 
was not removed from the medium rapidly enough to insure the most 
rapid rate of respiration, especially at the higher oxygen concentra- 
tions. As the pH of the medium used by these investigators was 7.3, 
this alone would retard the carbon dioxide from diffusing from the 
medium into the atmosphere above, at least until the concentration 
of carbon dioxide in the medium became appreciable. Moreover, 
the concentration of carbon dioxide necessary to become toxic would 
be reached much sooner at the higher oxygen pressures, due to in- 
creased rate of respiration. As a consequence, the rate of respiration 
would probably fall off sharply. 

In the experiments performed by Meyerhof and Burk the ratio of 
carbon dioxide-free air to the volume of the culture was about 6 to 1 
and the air wasnot bubbled through the culture medium. The author 
found it difficult to remove effectively the carbon dioxide at the higher 
oxygen concentrations when the carbon dioxide-free air bubbled 
through the well mechanically stirred medium (pH 7.2). This was 
found to be true even when the ratio of carbon dioxide-free air to the 
volume of medium was 15 to 1. As a matter of fact, in some experi- 
ments this ratio had to be increased to 18 to 1 (with corresponding 
increase in the gas-liquid interface) before the carbon dioxide was 
effectively removed. The necessity of vigorous aeration for securing 
a maximum rate of respiration is seen clearly when it is realized that 
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tbe 18 liter per lioiir rate completely replaced and swept out all the 
gas in the calorimeter once every minute. 

It appears that the Warburg apparatus as used by Meyerhof and 
Burk (W) and Burk (2, 3) and Burk and Lineweavc^ (4) is probably 
unreliable and incapable of effecting the very rapid and large gas 
exchange that is necessary if Azotobacter is to respire at a maximum 
rate at the higher oxygm pressines. Hunter (8) found that the 
maximum growth rate for Azotobacter could be obtained only under 
conditions of vigorous aeration. 

Meyerhof and Burk {12) and Burk {3) concluded from certain of 
their experiments that the nitrogen fixation process is more efficient 
(less energy is expended per milligram of nitrogen fixed) at the lower 
oxygen pressures. They state that the efficiency is 10 to 20 tim.es 
greater at 0.1 percent oxygen than in air. These investigators pre- 
pared the experimental organisms by first growing them for 24 to 48 
hours in 250-cc. gas wash bottles containing 50 cc. of culture medium.. 

During this period the cultures were aerated with compressed air 
(21 percent oxygen) at the rate of 100 cc. per minute. After proper 
dilution with sterile media to obtain the desired number of organisms, 
3 to 5 cc. of this culture was transferred to the respiration vessel. 
It is important to point out that the cells a.nd medium have been 
aerated and i.n contact with air containing the normal amount of 
o.xygeri. Consequently, the cells and media are saturated with 
oxygen at a pressure (apial to that in air. 

In order to study the efficiency of nitrogen fixation at 0.1 percent 
oxygen these workers passed this gas mixture dowm. through the manom- 
eter stopcock and out of the ground-glass opening in the neck of the 
side cup of tlie ]*ea.ction vessel at the rate of 1 to 2 liters per minute for 
2 o[‘ 3 rainutes. Tlie stopcock and side cup were then closed simul- 
tammusly. At the maximum these investigators relied on 6 liters of 
gas flowing thi‘ougli tlie apparatus to sweep all the air from such an 
iri-(^gular-shaped vess-d. At the same time they attempted, to estab- 
lish a gas mixture of 0.1 percent oxygen and to reduce the oxygen 
(‘o.nc(mt ration of the culture medium from 20 in one case to 0.12 per- 
c(mt oxygcui in 2 to 3 minutes without the gas bubbling through the 
medium. 

It. is difficult to see how the system set up by the above investigators 
could be brought to a steady state with respect to the gas-medium 
phas(N especially where a 200-fold oxygen -pressure change was in- 
vo1v(hI, with only 6 liters of gas passing over the medium in the course 
of 2 to 3 niinut(‘S. Thexiata presented by the author (7, fig. 7) show 
that it r(‘({uir(‘d from 8 to 14 hours for no less than 160 liters of gas to 
])ubble through the well-stirred medium. It appears from the data 
pia^SiuiUal her(‘ that the experiments of Meyerhof and Burk on the 
('f!i(‘i(ucv of nitingen fixation were completed before eqiiilibrium was 
rcaichcd at the lower partial pressures of oxygen. 

It must ho I'lunembered that it is not the partial pressure of oxygen 
over or in th(‘ culture medium that ultimately controls the rate of 
r(‘spiration, ])ut the partial pressure of oxygen within the living cells 
wlnax' tlu‘ nniclion is taking place. It is the concent rat io.n of oxygon 
at this point Unit must be reduced from 20 to 0.1 piuTcmt Ixdbre it can 
b(‘ said that lh(‘ oiganisms are respiring under th(‘ i.nl!utmce of tlie 
low(‘r gas mixture. 

Miwcahof and Ibirk {12, p. 139) present n curvc^ tlu' data for which 
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were obtained by the above-described technique. The data show an 
increase in efficiency of nitrogen fixation with decreasing oxygen pres- 
sures. These investigators point out from this curve that the effi- 
ciency of nitrogen fixation increases from approximately 1 percent at 

0. 20 atmosphere to approximately 4 percent at 0.02 atmosphere of 
oxygen. At this point the slope of the curve is shown to increase 
rapidly as the partial pressure of oxygen approaches zero. Under 
these same conditions, the efficiency of nitrogen fixation is shown to 
approach a value of 12 percent. 

When studying the energy relations of a biological process at the 
lower partial pressures of oxygen, where intramolecular respiration is 
possible, a measure of only the free oxygen consumed would be un- 
reliable and misleading. If an organism is catalyzing several energy- 
yielding reactions in which combined oxygen and free oxygen are 
utilized simultaneously, it is evident that a measurement of only the 
free oxygen consumed would be of little value in determining the 
total energy liberated. Similarly, if only the carbon dioxide evolved 
were measured in such a case, it too would fail to point out the true 
energy relations. 

As these investigators based their entire measurements on the free 
oxygen absorbed, it is only natural that they should observe increased 
efficiencies of nitrogen fixation at the very low oxygen pressures be- 
cause of intramolecular respiration. (See figure 7 for the extent to 
which intramolecular respiration takes place while both nitrogen fixa- 
tion and nitrogen assimilation are taking place.) 

The conclusions drawn by Meyerhof and Burk (12) on the efficiency 
of nitrogen fixation, and also by Burk and Lineweaver (4) on the effi- 
ciency of growth at the lower oxygen pressures are therefore question- 
able for two reasons: (1) When partial pressures of oxygen lower 
than 5 percent were used, true equilibrium was probably not obtained; 
that is, the oxygen absorbed by the medium and the cells was not 
completely removed and a steady state established at the lower oxygen 
value before the experiments were begun. No data were presented 
on this point. (2) Meyerhof and Burk did not attempt to measure 
the intramolecular respiration that took place. It must be admitted 
that conditions are extremely favorable at such low pressures of 
oxygen for the culture to catalyze such reactions and the free energy 
liberated by them must be considered in the efficiency of the nitrogen 
fixation process and the efficiency of growth. 

That Azotobacter does catalyze reactions not involving free oxygen 
with the liberation of energy cannot be doubted in the light of Bo- 
nazzi^s (I) experiments which have been well confirmed by the author. 
The extent to which such reactions take place is brought out in tables 

1, 2, 3 ; in B of figures 1, 2, 5, and 6; and in figure 7. When the culture 
was forced to fix nitrogen, it is seen that at 0,1 percent oxygen only 
one-third of the carbon dioxide produced could be accounted for by 
the heat evolved. In other words, at 0.1 percent oxygen, respiration 
with free oxygen was but one-third of the total respiration that took 
place. 

From table 1, it is seen that the gas mixture must contain at least 2 
percent oxygen before reactions involving combined oxygen are re- 
duced to a point at which they are negligible. When Azotobacter was 
respiring in the presence of combined nitrogen, the experiments show 
that it required considerably higher concentrations of oxygen to 
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reduce intramolecular respiration to a minimum. It is evident that 
the amount of energy liberated by intramolecular reactions is appreci- 
able, in proportion to the total amount liberated, at the low oxygen 
pressures. 

There are several points of striking interest in the data presented 
which may shed some light on the mechanism of nitrogen fixation. 
It was shown in a previous paper (6) that the sudden increase in the 
rate of respiration during nitrogen fixation, as measured by the carbon 
dioxide evolved, occurred at the sam.e oxygen-nitrogen ratio (78 per- 
cent oxygen) as found in the nitrate ion. At this oxygen value (figs. 2 
and 3) the heat produced was only 62 and 52 percent of that calculated 
from the carbon dioxide evolved for the two experim.ents reported. 
That this fact is significant is evident when it is recalled that no maxi- 
mum rate of respiration as measured by the carbon dioxide evolved 
occurred at this oxygen tension when nitrogen in the form of the 
ammonium or the nitrate ion was supplied to the culture. 

In every case in which nitrogen in a combined form was supplied 
to the culture the heat measured was equal to that calculated from 
the carbon dioxide evolved in the regions where intramolecular 
respiration was absent. 

It is interesting to note that the increase in rate of respiration per 
unit increase in the partial pressure of oxygen is greatest when the 
culture is assimilating the nitrate ion. Here the rate of respiration 
is directly proportional to the partial pressure of oxygen. This ratio 
of unity remained constant over the entire oxygen range above 
5 percent. It required a greater concentration of oxygen to prevent 
intramolecular respiration when the culture was assimilating the 
nitrate ion than when nitrogen was supplied as an ammonium salt 
or by nitrogen fixation. 

Bonazzi (f), on recalculation of data published by Hills, pointed 
out that Azotohacter is able to liberate nitrogen by utilizing the oxygen 
from the nitrate ion and that the nitrate ion is used by Azotobacter 
in preference to the ammonium ion. 

The data presented here show that the metabolic activities of Azo- 
tobacter are greater in the presence of the nitrate ion than in the pres- 
ence of the arnmnnium ion. This would also indicate a preference for 
the nitrate ion by Azotobacter. 

If Bonazzi's interpretation of data published by Hills is correct, 
it would appear that is capable of catalyzing the reaction 

2N03'^N2d"302. 

The fact that below 5.0 percent oxygen Azotobacter catalyzes cer- 
tain reactions not involving free oxygen (this is shown by the fact that 
the heat evolved is much less than that calculated from the carbon 
dioxide produced (fig. 6)) may also indicate that oxygen is being 
taken from the nitrate ion. If the oxygen is not taken from the 
nitrate ion then the presence of the nitrate ion is unique in that it is 
instrumental in causing the oxygen to be removed from other com- 
pounds and hberated as carbon dioxide. From these considerations 
it is not unreasonable to suppose that Azotobacter may catalyze the 
above reaction in either direction. 

Several writers have suggested that the first product of nitrogen 
fixation by Azotobacter is ammonia. There is, however, no conclusive 
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evidence to support this contention. Burk and Horner (d p. 121) 
state that — 

the mere occurrence of ammonia in cultures of grown in N2 cannot 

be regarded as critical evidence in favor of a view current that the ammonia 
observed is derived, either w^holly or in any part, specifically and directly from Ng. 

It is true that it is the reduced forna of nitrogen which the organisms 
ultimately use to build protoplasm. It must be remembered, how- 
ever, that the first product of nitrogen fixation will depend entirely 
on the catalysts which the organism has at its disposal and not on the 
form of nitrogen from which is built the protein com.pl ex of the cells. 

Burk {S) discussed the mechanism of respiration of Azotobacter in 
the light of his data and from the point of view of chain kinetics and 
contact catalysis. He concluded that both oxygen and the glucose 
molecule must be in direct contact with the solid respiration catalyst 
if the reaction is to take place measurably, and that- bombardments 
by unadsorbed molecules were ineffective. 

From the fact that the rate of respiration of Azotobacter continues 
to increase with increasing partial pressures of oxygen, as shown by 
the data presented in this paper, it is clear that oxygen up to 1 atmo- 
sphere pressure does not inhibit the rate of its own consumption. 
It is evident from the data presented that the rate of respiration does 
not violate the mass law, as stated by Bm*k {3, p. 1206). Kecalling 
that the rate of respiration is proportional to the partial pressuin of 
oxygen, it appears that the reaction proceeds by bombardment and 
that direct contact of the reactants with a solid respiration enzyme 
is not imperative. It is also apparent that respiration is a first order 
reaction with respect to oxygen. 

SUMMARY 

The rate of respiration of Azotobacter during nitrogen fixation was 
studied over the entire range of oxygen pressures. The rate of respi- 
ration was found to be dependent on the partial pressure of oxygen 
provided the carbon dioxide is kept to a low value and the medium 
is kept saturated with oxygen at the partial pressure in question. 
Below 2 percent oxygen while fixing nitrogen Azotobacter respires 
with a respiratory quotient well above unity. At all concentrations 
of oxygen above 2 percent the heat measured was found to be equal 
to that calculated except at 78 percent. Here the heat measured 
was found to be approximately 57 percent of that calculated from 
the carbon dioxide evolved. 

When Azotobacter was assimilating the ammonium ion the rate of 
respiration was found to be proportional to the concentration of 
oxygen from 5 to 80 percent. The heat measured was found to be 
equal, at all concentrations of oxygen above 5 percent, to that cal- 
culated from the carbon dioxide evolved. Below 5 percent intra- 
molecular respiration was found to increase as the partial pressure of 
oxygen was decreased until at 0.1 percent oxygen the respiratory 
quotient reached 3.54. 

The rate of respiration was found to be directly proportional to 
the concentration of oxygen from 10 to 100 percent when Azotobacter 
was allowed to assimilate the nitrate ion for its source of nitrogen. 
Below 10 percent oxygen intramolecular respiration occurred to a 
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considerable extent. The respkatory quotient reached 5.0 at 1 pei'- 
cent oxygen. 

When the oxygen concentration is suddenly decreased fronr one - 
twentieth to one twn-hundredth of that in air, considerable time is 
required to reduce the partial pressure of oxygen in the culture and 
within the cells to a point where the rate of respiration of the culture 
proceeded at a minimum constant rate. 

Increasing the concentration of oxygen does not decrease the rate 
of its own consumption under the experimental conditions to which 
.A was subjected in these studies. 

The data presented indicate that the &*st product of nitrogen fixa- 
tion may be a union of nitrogen with oxygen. 
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INHERITANCE OF SEED COLOR IN LACTUCA SATIVA» 

By Ross C. Thompson 

Associate hortictilturisty Division of Fruit and Vegetable Crops and Diseases^ 

Bureau of Plant Industry, Agricultural Research Administration, United States 

Department of Agriculture 

INTRODUCTION 

The mature fruit of lettuce is an achene or naked seed, the color 
of which is determined by the color of its pericarp. The pigments 
that give the seed its particular color seem to be localized in the 
pericarp tissues.^ 

The mode of inheritance of seed color is of immediate practical im- 
portance to those breeding lettuce for disease resistance, climatic 
adaptation, and desirable commercial characteristics. Unlike flowers 
of most other food crops, those of lettuce can be emasculated only 
with extreme difficulty, if at all. In making crosses the breeder must 
remove the maternal parentis own pollen from the stigmas after the 
anthers have dehisced, but before the pollen tubes have entered the 
stigmatic tissues. As it is generally almost impossible to remove 
every grain of the maternal parent’s pollen, both selfed and hybrid 
seed develop in heads in which pollen removal is attempted. There- 
fore, the breeder must know the mode of inheritance of some easily 
recognizable character by which he can distinguish hybrid from 
selfed plants in the Fi generation. Seed color is a character that can 
be used to advantage for this purpose. 

The cultivated varieties of lettuce {Lactuca saliva L.) may be 
roughly divided into 3 groups on the basis of their achene color. Of 
the 114 varieties of lettuce listed by Tracy ^ in 1904, 81 were indi- 
cated to have white, 30 black, and 3 yellow seed. Since then the 
trend has been even more toward the white-seeded varieties, until 
now there are only a few important varieties of the black-seeded type 
and no important varieties in the yellow-seeded group. 

In the white-seeded group, the color is fairly constant except for 
discolorations caused by premature harvesting, dampness, and other 
environmental factors. In the black-seeded group the ach ones range 
in color from reddish brown through dark brown to black. These 
different shades probably have a genetic basis; however, the differ- 
ences are not great enough to permit accurate classification in view 
of the minor color variations caused by environmental factors. There 
are also some shade variations among varieties in the yellow group 

Some data have been published by Durst ^ and Thompson^ on the 
inheritance of factors for black and white seeds, hut no report that 
deals with the factors for yellow seed has been found. The data of 
Durst and Thompson agree that black behaves as a monogenic factor 

^ Received for publication September 11, 1942. 

2 BoRTHWiCF, H. A. UnpiibUshed data on the morphology of lettuce seed. 

» Tracy, W. W., Jr. American varieties op lettuce, U. S, Bur. Plant Indus. Bui. 69, 103 pp., 
illus. 1904. 

^ Durst, C. E. inheritance in lettuce. 111. Agr. Expt. Sta. Bui. 356, pp. f237]~341, illus. 1930. 

® Thompson, R. C. genetic relations of some color factors in lettuce. Xi. S. Dept. Agr. Tech. 
Bui. 620, 38 pp.. illus. 1938. 
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dominant to white. It is the purpose of this paper to show the rela- 
tion of the factors that control the inheritance of the three colors, 
but no effort was made in this study to account for the inheritance of 
the minor color variations within the three large groups. 

MATERIALS AND METHODS 

The data presented were obtained* from numerous hybrid popula- 
tions of lettuce stocks being grown at the Bureau of Plant Industry 
Station, Beltsville, Md., for breeding heat-tolerant and disease- 
resistant varieties. The plants were grown either in 10-inch clay 
pots or in 1-foot by 2-foot by 3-inch cypress planting fiats in a screened 
greenhouse. The possibility of contamination by insects was kept at 
a minimum by frequent spraying and fumigation. 

The parent stocks had been grown for at least two generations 
previous to the cross from which seed-color records were kept and 
were known to be homozygous for the particular color type. The 
parent stocks used for the black phenotype were from a strain of 
Grand Rapids that has been maintained by the Division of Fruit and 
Vegetable Crops and Diseases for many years. For the white pheno- 
type the variety Chavigne from Vilmorin-Andrieux & Cie., Paris, 
iVance; Iceberg from the Ferry-Morse Seed Co., San Francisco, 
Calif.; and a hybrid selection from a breeding stock were used. The 
variety Giant Summer from the Ferry-Morse Seed Co. was used for 
the yellow-seeded parent type. 

In all cases the flower heads of the maternal parent were depolli- 
nated with water and dried before the desired pollen was applied by 
brushing the washed stigmas with the pollen-laden styles of flowers 
from the male parent. 

GENETIC RELATIONS OF FACTORS FOR ACHENE COLOR 

WORKING HYPOTHESIS 

The breeding behavior of the three color types indicates that achene 
color in lettuce is inherited in a manner similar to that of the factors 
{(JcAa) for coat color in rodents in which an F 2 generation from a 
cross between a black (CCaa) and an albino (ccAA) consists of 9 
agouti, 3 black, and 4 albino. 

This requires the presence of an independent allelomoi'pliic pair in 
addition to those previously suggested by Durst ^ and Thompson h 
In these two reports the genetic factor for black was represented by 
the symbol WW and the white by the symbol um. This new pair 
of allelomorphs has been given the symbol Yy, The symbolized 
genotypes and their phenotypic expressions are IFIFFF, black; 
'WwYYy yellow; WWyy, white; and wwyy, white. All four of these 
homozygous genotypes have been isolated, and their genetic constitu- 
tion has been studied. 

CROSS INVOLVING BLACK- AND YELLOW-SEEDED PARENTS 

Grand Rapids X Giant Summer {cross No. 122). — Pollen from flowers 
of the yellow-seeded variety Giant Summer {wwYY) "was applied to 
washed stigmas of flownrs of the black-seeded variety Grand Rapids 
(WWYY). The cross was made in this way so that it might be pos- 


® Soe footnote^ 4. 
^ S(!e footnote 5. 
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sible to isolate at an early stage the hybrids from the selfed plants in 
the resulting progeuies. Such isolation is possible because, as Thomp- 
son has shown,® the spotted anthocyanin leaf type of Giant Summer 
is dominant to the absence of pigment in the leaves of Grand Kapids. 

A population of 93 F2 plants was grown, with a ratio of 73 blacks 
seeded to 20 yellow-seeded resulting. This is a satisfactory fit to a 
3 to 1 ratio. 

F3 progenies were grown from both black- and yellow-seeded F2 
plants. Progenies from the F2 yellow-seeded plants were all yellow- 
seeded. In the progenies from the black-seeded F2 plants there were 
some families that were all black-seeded and other families with 
black- and yellow-seeded plants in the ratio of approximately 3 
black-seeded to 1 yellow-seeded. The results from the F2 and F3 
generations are given in tables 1 and 2, respectively. 


Table 1. — Records for F2 progenies from selfed Fi plants from crosses involving 
hlack~f yellow-j and white-seeded varieties of lettuce 


Phenotypes 

Parental varieties 
and assumed 
genotypes 

Fi 

Fi seed 


F 2 progenies 


As- 

sumed 

ratio 


and cross 

plants 

color 

Black 

Yellow 

White 

Total 


Black-seeded X 
yellow-seeded: 

■ 

Number 


Number 

Number 

Number 

Number\ 



No. 122 

Black-seeded X 
'white-seeded: 

Grand Rapids 
(WWYY) X 
Giant Summer 
{wwYY). 

17 

Black.. 

73 

20 

0 

93 

3:1 

10 . 5198 

No. 

Grand Rapids 
(WWYY) X Ice- 
berg (WWyy). 

27 

...do.-. 

89 

0 

19 

108 

3:1 

4.0000 

No. 396 

White-seeded X 
yellow-seeded: 

Grand Rapids 
(TVPFFF) X hy- 
brid (wwyy). 

35 

._.do--- 

88 

42 

52 

182 

9:3:4 

24 . 5866 

No. 21 

Ghavigne (WWyy) 
X Giant Sum- 
mer (wwYY). 1 

42 

...do— 

96 

36 

46 

178 

9:3:4 

.4549 

No. 40 

Hybrid (wwyy) X 
Giant Summer 
(wwYY). 

28 

Yellow. 

0 

42 

13 

55 

3:1 

,0958 


1 for 1 degree of freedom (3:1 ratio) at 1-percent level, 6.635; at 5-percent level, 3.841. 

2 for 2 degrees of freedom (9:3:4 ratio) at l-percent level, 9. 210f at 5-percent level, 5. 991. 


CROSSES INVOLVING BLACK- AND WHITE-SEEDED PARENTS 

Grand Rapids Iceberg {cross No. 12). — The white-seeded variety 
Iceberg {WWyy) was used as the pollen parent in a cross with the 
black-seeded Grand Kapids (WWYY). All the 27 Fi plants grown 
to maturity produced black seed. The F2 progenies segregated in 
the ratio of approximately 3 black- to 1 white-seeded. In the F3 
generation all the white-seeded F2 plants gave families that produced 
only white seed. The black-seeded F2 plants gave some families 
that were all black-seeded and other families that were black- and 
white-seeded in the ratio of approximately 3 black to 1 white. The 
F2 and F3 data are given in tables 1 and 2, respectively. 

Grand Rapids y, white-seeded hybrid {cross No. 3^60.— The white- 
seeded psiimt {wwyy) used in this cross was isolated from an F3 


8 See footnote 6. 
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Table 2. — Records for Fz progenies from selfed plants from crosses involving 
hlack-y yellow-, and white-seeded varieties of lettuce 


Phenotypes 
and cross 

Parental varieties 
and assumed 
genotypes 

Fa 

fami- 

lies 

Fa 

seed 

color 

Fa progenies 

As- 

sumed 

ratio 


Black 

Yellow 

W^hite 

Total 

Black-seeded X 


Number 


Number 

Number 

Number 

Number 





f 6 

Black.. 

49 

0 

0 

49 



122.. 

(irTCFiOXGiant 

11 

...do... 

62 

15 

0 

77 

3:1 

1 i, 1409 


Summer {wwYY) 

( 3 

Yellow. 

0 

31 

0 

31 



Black -seeded X 









white-seeded: 












9 

Black. - 

51 

0 

0 

51 



No. 12 

(WWYY) X Ice- 

15 

_..do._ - 

75 

0 

20 

95 

3;i 

.7895 


berg (WTFi/i/). 

4 

W'‘hite - 

0 

0 

44 

44 




9 

Black- . 

87 

0 

0 

87 





10 

...do 

71 

28 

0 

99 

3:1 

.5699 


Grand Rapids 

15 

...do... 

111 

0 

30 

141 

3:1 

1. 0425 

No. 396 

(WWYY X hy- 

37 

do 

197 

71 

96 

364 

9:3:4 

2.678S 


brid;(w?n|/y). 

17 

Yellow. 

0 

127 

36 

163 

3:1 

, 7383 



5 

do 

0 

47 

0 

47 





27 

White - 

0 

0 

259 

259 



White-seeded X 










yellow-seeded : 












6 

Black.. 

56 

0 

0 

56 





18 

...do... 

126 

47 

0 

173 

3:1 

. 4952 


Chavigne (TPTP^?/) 

13 

...do 

98 

0 

29 

127 

3:1 

. 3769 

No. 21 

X Giant Sum- 

29 

...do 

151 

50 

80 

281 

9:3:4 

2. 0405 


mer (tmvYY). 

11 

Yellow. 

0 

91 

17 

108 

3:1 

4, 9382 



8 

...do 

0 

77 

0 

77 





35 

W^hite- 

0 

0 

341 

341 




Hybrid (vnvyy) X 

3 

Yellow- 

0 

29 

0 

29 



No. 40...... 

Cliant Summer 

12 

.--do.-_ 

0 

70 

17 

87 

3:1 

1. 5209 


(wwYY). 

5 

White.. 

0 

0 

35 

35 




1 X® fw 1 degree of freedom (3: 1 ratio) at l-percent level, 6.635; at 5-percent level, 3.841. 

2 x^ for 2 degrees of freedom (9:3:4 ratio) at 1-percent level, 9.210; at 5-percent level, 5.991. 


population of the cross No. 21 between the white-seeded Chavigne 
and the yellow-seeded Giant Summer. As indicated in the dis- 
cussion of cross No, 21 , one-fourth of the F 2 plants produced 
white seed. According to the hypothesis, one-fourth of these F 2 
white-seeded plants should be of the double-recessive (wwyy) geno- 
type. Seven of these F 2 white-seeded segregates were tested by 
liackcrossing to the yellow-seeded Giant Summer, and one of these 
was found to be of the double-recessive genotype, as indicated by an 
all yellow-seeded Fi generation and an F 2 generation that gave 3 
yellow-seeded to 1 wliite-seeded. This double recessive was then 
crossed with Grand Kapids (WWYY). The Fi plants of this cross 
were black-seeded, and the F 2 segregated approximately 9 black- 
seeded, 3 yellow-seeded, and 4 white-seeded. 

The F 3 progenies from the wdiite-seeded F 2 plants w^ere all white- 
seeded. Some progenies from the black-seeded F 2 plants produced 
only the black-seeded type; some produced 3 black-seeded to 1 
yellow-seeded ; some 9 black-seeded, 3 yellow-seeded, and 4 white- 
seeded; and some 3 black-seeded to 1 wdiite-seeded. Some progenies 
of yellow-seeded P 2 plants produced all yellow-seeded F 3 and others 
3 yellow-seeded to 1 white-seeded. The F 2 and F 3 data are given in 
tables 1 and 2 , respectively. 

CROSSES INVOLVING YELLOW- AND WHITE-SEEDED PARENTS 

/Chavigne . yi Giamt Summer (cross No. ^I).— The yellow-seeded 
variety Giant Summer (wwYY) was used as the pollen parent in a 
cross with the white-seeded variety .Chavigne (WWyy). \The ;Fi 
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hybrid plants all produced black seed. The F2 population segregated 
9 black-seeded, 3 yellow-seeded, and 4 white-seeded. The F3 prog- 
enies from white-seeded F2 plants gave only white seed. The F3 
progenies from yellow-seeded F2 plants gave some families that were 
all yellow-seeded and other families that segregated with a moder- 
ately significant departure from 3 yellow- to 1 white-seeded. F3 
progenies from black-seeded F2 plants were all black-seeded, 3 black- 
seeded to 1 yellow-seeded, 3 black-seeded to 1 white-seeded, or 9 
black-seeded to 3 yellow-seeded to 4 white-seeded. The F2 and F3 
data are presented in tables 1 and 2, respectively. 

White-seeded hybrid X Giant Summer {cross No. 40 ). — The yellow- 
seeded Giant Summer {wwYY) w^as used as the pollen parent in a 
backcross to the white-seeded F3 selection (wwyy) from Chavigne X 
Giant Summer. The Fi backcrossed plants all produced yellow seed, 
and the F2 population from these segregated 3 yellow- to 1 white- 
seeded. The F3 progenies from the white-seeded F2 plants were all 
white-seeded. From the F2 yellow-seeded plairts some families that 
were all yellow-seeded and other families that segregated 3 yellow- 
seeded to 1 white-seeded wnre obtained. F2 and F3 data are presented 
in tables 1 and 2, respectively. 

DISCUSSION 

The 3 to 1 ratio of black to w^hite seed in the F2 generation, as sug- 
gested by Durst ^ and by Thompson,^® holds only in the case of the 
white-seeded phenotype having the wwYY constitution. With the 
double-recessive wdiite-seeded {wwyy) the F2 from a cross with a black- 
seeded variety gives the ratio of 9 black-seeded, 3 yellow-seeded, to 
4 white-seeded. 

Many varieties of lettuce of the cultivated form {Lactuca sativa) 
have come under the writer^s observation in the lettuce-breeding pro- 
gram of the United States Department of Agriculture, and breeding 
data on seed color have been recorded on many of these. None of the 
white-seeded varieties on which breeding behavior records are available 
are of the double-recessive {wwyy) type. This type must be very rare 
among fixed varieties. 


SUMMARY 

Data from the Fi generation and from F2 and F3 progenies of crosses 
involving the three seed-color types in lettuce— black, yellow, and 
white — are presented. 

The data have been analyzed for an explanation of the inheritance 
of the factors that control pericarp color in lettuce seed. The analysis 
indicates that the expression of black, yellow, and white seed color in 
cultivated lettuce {Lactuca sativa) is controlled by two pairs of allelo- 
morphs, which have been assigned the symbols TUwand Yy. The inheri- 
tance is similar to that of the factors {CcAa) for coat color in rodents 
in which the F2 from a cross between black and albino parents gives 
9 agouti, 3 black, and 4 albino. In the present case the F2 progenies 
from a cross between a white-seeded {WWyy) and the yellow-seeded 
{wwYY) segregated 9 black-seeded, 3 yellow-seeded, and 4 white- 


® See footnote 4. 
io See footnote 5. 
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seeded. This gives one true-breeding black genotype {WWYY), one 
true-breeding yellow genotype (wwYY)j and two true-breeding white 
genotypes (WWgg) md (wwgg). 

The double-recessive white-seeded genotype (wwyy) is rare, if 
present at all, among commercial varieties of lettuce. A homozygous 
line of this genotype was obtained only by the use of testers on the 
white-seeded segregates from a yellow-seeded by a white-seeded cross 
in which the white-seeded was of the WWyy genotype. 


INHERITANCE OF OIL GLANDS IN PIMA COTTON ^ 

By R. H. Peebles, assoaaie agronomisty and E. Gokdon Smith, formerly assistant 

scientific aidcy Division of Cotton and Other Fiber Crops and Diseasesj Bureau 

of Plant Industry y SoUsy and Agricultural Engineering, Agricultural Research 

Administration y United States Department of Agriculture 

INTRODUCTION 

Small spherical oil glands occur in cotton, on the herbage, flowers, 
and bolls, usually more or less embedded in the surrounding tissue. 
vSuch glands are apparently universal in the genus Gossyfium 1 j., 
according to Watt ^ and other authors. Some data pertaining to the 
inheritance of oil glands in Pima cotton, an agronomic variety of 0. 
barbadense L., are presented in the following account. Although 
taxonomists have utilized differences in characteristics of oil glands, 
the writers are not aware of any previous genetic study of these bodies 
in the genus Gossypmm. 

Smith ^ applied the designation Hope” to a family of Pima 
cotton that is characterized by smooth bolls. Smith found that 
“pitted” and “smooth” are inherited in monohybrid fashion, and for 
these characters proposed the symbols and respectively. Family 
P Hope also has three other distinguishing characters, namely, delayed 
development of oil glands on the young bolls, smaller and more deeply 
embedded glands on the stem, and smaller glands on the calyx. The 
characters that distinguish P Hope from ordinary Pima cotton are 
described in the following section. 

DESCRIPTION OF CHARACTERS 

DEVELOPMENT OF BOLL GLANDS 

In family P Hope, the oil glands are wanting, or at least not dis- 
cernible, until the third day after anthesis. The character is termed 
“late.” In PH8 and other families of the Pima variety that have 
pitted bolls, the normal condition in Gossypium barbadense]'^ the boll 
glands are “early,” that is, conspicuously evident on the day following 
anthesis. In fact, pigmented oil glands occur on the ovary of PH8 
flower buds. The aspect of bolls of P Hope, PH8, and PH8 X P 
Hope Fi, on the first day after anthesis, is illustrated in figure 1. 

stem:;glands 

Oil glands on the stem, or main axis, of P Hope differ in size from 
corresponding glands of family PH8. Although stem glands are 
actually as numerous in P Hope as in PH8 (table 1), the glands are 
deeply embedded and consequently less conspicuous. 

J Received for publication November 33, 1942. 

2 Watt, Sir George, the wild and cultivated cotton pi.ant 3 or the world. 406 pp., illus. London. 
1907. 

3 Smith, E . G. inheritance of smooth and pitted bolls in pim a cotton. Jour. Agr. Res. 64: 101-103, 
illus. 3942. 

4 Early development of the boll glands is apparently the rule also in upland cotton (Gossiipium Mrsutum 
L.), in which the bolls are not pitted. Glandless bolls sometimes occur in Hopi cotton (G. hopi Lewton) 
and in some segregates of crosses involving Hopi cotton, but in these eases the glandless condition persists 
through maturity of the bolls. 
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Figure 1. — Aspect of bolls on the first day after anthesis. Ihe glands are 
numerous and conspicuous in (A) family PH8, comparatively sparse in (B) 
PH 8 X P Hope Fi, and wanting, or at least not discernible, in (C) family F 
Hope. X1.4. 

CALYX GLANDS 

The calyx glands of family P Hope, like the stem glands, arc 
smaller than the corresponding glands of family PH8. The difference 
in size, although not large, is sufficient to make feasible tlie classifi- 
cation of nearly all plants in segregating populations. The relative 
size of the oil glands in PH8, P Hope, and PH8 X P Hope Fi is- 
observable in the calyxes shown in figure 1. Calyx glands are also 
illustrated, at greater magnification, in figure 2. 

Calyx and stem glands are classified as of large, intermediate, or 
small size. 

BOLL SURFACE 

Pitted boll surface is the condition found in normal Pima cotton. 
The surface is dotted with conspicuous pits, and many of the oil 
glands are large and shallowly embedded. In family P Hope, the 
bolls may be described as “smooth,^’ the surface being obscurely 
pitted and the oil glands small and deeply embedded (fig. 2). 

As Harland ® (pp, 117-118) points out, in the Peruvian group of 
cottons, to which the Pima variety belongs, the oil glands are near 
the surface, and around some of them the surface is depressed in 
small craterlike pits. Pits do not occur when the glands are deeply 
embedded, as in the Pima family P Hope and in upland cotton 
(Gossypium Jiirsutum L.). Thei’efore, it can be seen that a very 
close relation exists between the pitting of the boll surface and thc' 
depth at which the oil glands are embedded in the tissue. 

^ HARLAND, S. C. THE ftENlTICS OF COTTON. 193 pp., illus. LoIKIoh. 1939. 
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Figtibb 2.— Oil glands of bolls, steins, and calyxes in Pima cotton. BoU g ands 
in (A) family PH8, (B) PH8 X P Hope F„ and (C) family P Hope; stem glands 
in (D) PH8, (jB) PH8 X P Hope F„ and (F) P Hope; calyx glands in (G) PH8, 
(H) PH8 X P Hope Fj, and (I) P Hope. X H- 


Table 1 . — Classification of populations grown in 1941 in respect to character o 
boll surface and the mean number of oil glands tn an area of S5 sq. mm. on the 
holU and stems 


Population designation 


PH8 - 

P Hope,-,. 

PH8 X P Hope Fi 

PH8 X P Hope Fa 

Do--—- 

' Do., ■ 

(PH8 X P Hope Fi) X PH8 Fi,. 

(PH8 X P Hope’FiVx’P Hope Fi.. 
Do - 




Number of oil glands per unit area 

Classification 
in respect 

Num- 
ber of 

On bolls 

On stems 

to 

boll surface! 

plants 

Mean 

Stand- 
ard error 
of mean 

Mean 

Stand- 
ard error 
of mean 

Pitted - 

13 

25.1 

0. 67 

33.4 

• 2.11 
1.63 
1. 50 

Smooth 

18 

22.3 

1.06 

35.8 

Intermediate 

17 

46.4 

1.23 

35.9 

Pitted 

10 

31.2 

1.62 

40.8 

1.34 

Intermediate 

20 

43.3 

1.19 

34.7 

1. 49 

Smooth 

6 

20.2 

2.14 

34.3 

3. 25 
1.54 

Pitted 

20 

28.7 

.78 

39.4 

I liter m ediate 

21 

45.9 

1.23 

37.0 

1.72 

Smooth 

6 

23.7 

2.11 

37.5 

3. 55. 
1.90 

Intermediate 

14 

48.3 

1.84 

38.6 










In the characters described above, the Fi is intermediate between 
the two parental tvpes. This statement does not apply, however, 
to the number of boll glands, which will be discussed later 


METHODS 

All individuals in the several populations were classified inde- 
pendently for each character. Repeated observations on the stem 
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and calyx glands, particularly tlie latter, were required in order to 
ascertain the true classification of the plants. 

Boll glands were counted in an area of 25 sq. mm. located in the 
center of a valve. Stem glands were counted in an area of the same 
size located in the middle of the seventh internode below the apex 
of the main stem. On each plant five boll counts and five stem 
counts were made, and as many calyx counts as possible,^, depending 
on the number of flowers available. Calyx glands were'^.coimted in 
a strip 5 mm. wide, extending from the upper edge of the inner 
nectary to the rim of the calyx, an area that averaged 41 sq^’mm. The 
use of a low-power dissecting microscope and transfiiltted light 
brought to view deeply embedded glands that ordinarily are not 
visible. In the case of the bolls, the thickness of the wall neces- 
sitated removal of some of the soft inner tissue in order to allow 
passage of sufficient light to illuminate deeply embedded glands. 

RESULTS 

In 1940, in an F 2 population of 53 individuals that segregated in a 
1:2:1 ratio in respect to pitted, intermediate, and smooth boll 
surface (Smith, table l),'^ it was observed that the three gland char- 
acters mentioned above did not segregate independently of boll 
surface. The material grown in 1941 enabled the writers to make 
further observations on the relation of the oil gland characters to 
the character of the boll surface. 

No clear case of dissociation appeared in any of the 97 individuals 
grown in the F 2 and backcross populations in 1941. Owing to poor 
development, 4 plants could not be classified satisfactorily in respect 
to stem glands. More difficulty, possibly resulting from the presence 
of modifying factors, was encountered in classifying calyx glands, and 
at the end of the season 11 plants still remained in doubtful status. 
However, in no instance was a plant classified with certainty as 
having any combination of the 4 characters other than those that 
exist in one or the other parent family or in Fj. Therefore, in the 
absence of positive evidence to the contrary, the 97 individuals in F 2 
and backcross populations were classified (table 1) as follows: In 55 
plants the 4 characters were intermediate, in 30 plants the characters 
were associated as in family PH8, and in 12 plants as in family P Hope. 

A phenomenal increase in number of boll glands occurs in Fi and in 
heterozygous plants in other populations. The mean number of oil 
glands per unit area in Fi is 46.4, or approximately the sum of the 
means of PH8 and P Hope (table 1). Somewhat similar results were 
obtained in 1940, the counts having been 47.0 for plants with inter- 
mediate boll^ surface, 27.5 for plants with pitted bolls, and 26.3 for 
smooth-boll individuals. The relatively large number of boll glands 
in the Fi is clearly shown in figure 2 {B, as compared with H and C). 

The range in number of boll glands per unit area, for each class of 
all the 1941 populations combined as one array, is as follows: 14 to 29 
for plants with smooth bolls, 34 to 58 for heterozygous plants with 
intermediate bolls, and 23 to 39 for those of the pitted-boll class. 
The mean number of boll glands in family PH8 exceeds the mean in 
fmnily P Hope by 2.8 glands (table 1}. This difference is only 2.2 
tim(‘S its standard error. However, in view of the ranges in boll 

f(H>tnote 3, p. 447. 
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gland number noted above, the chances are that the smaller number 
of glands observed in plants having smooth bolls is inherent rather 
than fortuitous. 

The great increase in boll gland number in the heterozygotes is an 
unusual manifestation of heterozygosity, especially in view of the fact 
that heterosis is not otherwise apparent in this cross between families 
that are similar in all but the gland characters. The large number of 
glands in heterozygous individuals may be explained by assuming 
that the genes B'^ and JS® are complementary in respect to number 
of boll glands, either gene alone giving rise to only half the number of 
glands that appear when the two genes are brought together.’’ 

The mean number of calyx glands per unit area was found to be 
99.9 ±2.30 in family PH8, 99.0 ±1.65 in family P Hope, and 96.8 ±1.54 
in PH8XP Hope Fi. Since these populations differed so slightly in 
regard to number of calyx glands, counts were not made in other 
populations. 

The mean number of stem glands per unit area is given, for each 
population, in table 1. This character seems unimportant, consider- 
ing the very small difference (2.4 ±2.67) between the means of the 
parent families and the almost identical means in P Hope and PH8XP 
Hope Fi. 

The ratios obtained by Smith (table 1)® clearly indicate monohybrid 
inheritance of smooth and pitted boll surface. The ratios obtained 
in 1941 are disturbed, but not too seriously, by deficiency of smooth- 
boll individuals. The values of and P given in table 2 are computed 
from data in table 1. The probability values do not indicate signifi- 
cant departure from the calculated monohybrid ratios. 

CONCLUSIONS 

The unbroken association of the characters (boll surface, develop- 
ment of the boll glands, size of the stem glands, and size of the calyx 
glands) that occur only in the combinations existing in the parent 
families and in Fi, is either an instance of complete linkage or, more 
probably, a case in which a single gene conditions several phenotypic 
characters. 


Table 2 . — Values of yf and P, computed from data in table l^for the F 2 and backoross 
populations grown in 1941 


Population designation 

X2 

pi 

PH8 X P Hope Po--- - - 

1.33 1 

0.5 

(PH8 X P Hope Fi) X PH8 Ft 

.02 1 

.9 

(PH8 X P Hope Fi) X P Hope Fi 

,3.20 

.1 


1 The probability (P) values do not indicate significant deviation from calculated monohybrid ratios. 


Indisputable evidence of linkage in the genus Gossypium appears to 
be scanty. Harland (p. 159y recognizes only three clear cases. 
Since Harland wrote, McMichael has reported complete association 

7 Acknowledgement is made to J. H. Kempti.n, formerly of the Division of Cereal Crops and Diseases. 
Bureau of Plant Industry, for having suggested this explanation. 

» See footnote 3, p. 447. 

* See footnote 5, p. 448. 

30 McMichael, S. C. occurbence of the dwarf-ked character in upland cotton. Jour. Agr. Res,. 
64:477-481. 1942. 
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of dwarfness and red plant color in Acala cotton, an agronomic variety 
oi G. hirsutum. McMichael mentions the possibility of linkage, but 
nevertheless concludes his account with the following statement : 
“Indications are that dwarf-red is controlled by a single factor/^ 

In view of the few well-established instances of linkage in cotton, 
the probability is that the characters involved in the present study 
are merely different manifestations of a single pair of genes. This 
conclusion is strengthened by the fact that all of the characters 
(indirectly, in the case of boll surface) pertain to oil glands. 

SUMMARY 

Smooth boll surface and three previously undescribed oil gland 
characters, namely, delayed development of the boll glands, small and 
deeply embedded stem glands, and small calyx glands, clxaracterize 
a family of Pima ooHon {Gossypium barbadense L.) known as P Hope. 
The contrasting characters, namely, pitted boll surface, early develop- 
ment of the boll glands, large and shallowly embedded stem glands, 
and large calyx glands, are found in PH8, a representative family of 
normal Pima cotton. 

Observations made in segregating populations of the cross PH8 X 
P Hope strongly indicate that the characters mentioned above do not 
segregate independently but, on the contrary, occur only in the 
combinations existing in the parent families and in Fj. This associ- 
ation of the characters is tentatively accounted for Us an instance of 
manifold expression of a single pair of genes rather than as complete 
linkage. 

Ratios obtained in F 2 and backcross populations agree fairly well 
with expectations based on the assumption of a single-factor difference. 
Monohybrid inheritance previously had been found to be the mode of 
inheritance of pitted boll surface and smooth boll surface, for which the 
symbols are respectively and B\ All the above-mentioned 
characters are intermediate in Fi. 

A remarkable increase in number of boll glands occurs in Fj, also 
in the heterozygous class in F 2 and backcross populations. The mean 
number of boll glands in Ft nearly equals the sum of the means that 
obtain in family PH8 ancl family P Hope. This is a noteworthy 
manifestation of heterozygosity, which may be explained by assuming 
that the genes and jB® are complementary in respect to number of 
boll glands, either gene alone giving rise to only half the number of 
glands that appear when the two genes are brought together in the 
heterozygote. 
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